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Motion sickness continues to be a sipnificant operational problem in the armed forces of the NATO Couniries, A
sickness degrades operational efficiency and raises the cost of flight training programmes by causing delays in training and
higher attrition rates, With the introduction of surface effect ships that can achiceve speeds up to 80 knots, sea sickness is also
expected to be a considerable problem, In the US Spuce Shuttle Programme, space motion sickness has become a major

operational concern, Nearly 50% of the shuttle crew members have experienced some symptoms of motion sickness,

In recent years, some progress has been made in identifying ctiological factors that contribute to motion sickness and in
treating motion sickness with pharmacological and desensitization techniques. The goal of this symposium was to provide an
opportunity for this new information to be presented and discussed in ways that would be of direct operational benefit, This

objeetive was clearly met and, in addition, arcas in which further laboratory invesligation is essential were identified.
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TECHNICAL EVALUATION REPORT
by

Dr James R.Lackner
Professor aud Head
Ashton Graybiel Spatial Orientation Laboratory
Brandeis University
Waltham, MA 02254
USA

1. ILNTRODUCTION

The Aarospace Madical Panel Symposium on "Motion Sickauss : Mechanisms, Prediction, Preventiom,
and Trestment” was held in Williamsburg, Virginia, USA on 3 and 4 Muy, 1984. Twenty-ome individual
papexs were deliversd that ars presented here ss an AGARD Conference Proceediugs. Thesa papers com-
:o;nod motion sicknses on ses, lsnd, in air, and in space snd covered all four of tha conference's ru-

rice.

1, SYHROSIUM THEME

The Symposium saddrasced the coutinuing operstional importance of wmotion slcknesa in the Aix
¥orces and Navies of the NATO countries. Kwphasis was also placed on the growing importance of motiou
aickaess ss an aspsct of the Space Aduptation Syndrose in the first several days of orbital £light.
Individual pspers dealt with these themes frow the parspectives of naurophysiological causes of motion
sickoess, prediction of susceptibility, incidences of air, sea, and space sickuesy, phammacolegical
and behavioral techniques for decreasing susceptibility, and adeptation and biofeedback techniques for
treating sirsick pilot traicees.

3. IURFOSE AND SCOPE

The goal of the Sympoaium was to provide an opportunity to dissemiunate information abour recent
sadvances that havs Leen made within the luboratory and in operastionsl settiags concerning the nsture
aud etiology of motion sickness, pradiction of wotion sicknesas susceptibility for different expomure
cruditions, phammacological, adaptation and blofeedback techniques for praventing or ameliorating mo-
tion sickness, and the incidence of motion sickness in different exposure envixomsents, The salection
of topics was such as to allow cowparison of treatments sud selection procedures across different
countries and the opportunity to imcorporste laboratory findinge into opesrational aproaches to the
problews of selection, preveation, and treatment.

4. BYMPOSIUM PROGRAM

The program included tventy-one papers that fell into five genral categories: Phyaiological
Hachanisems of Motion Sickness, Bickness in Motion Bimulators, Behavioral and Pharmscological Counter-
asasures, including Blofesdback, Space Motion Bickness, an' Prediction of Susceptibility.

5. IKCHRICA EYALUATION

Motion sicknass is an immeasaly complicuted topic. Yt was not possible with the relatively small
number Oof papers prasented sud the brief duration of the symposium to daal with the problea both in
depth and range. Cousaquantly, the raugs of topics to be discussed had bean narzoved to include those
of wost immediate operational concern.

Physiological Mechanisme of Motion Bicknaess. Miller and Wilsou (psper 21), presented ovidence
s) that vomiting could stil) bs elicited in animals after lesions of the uvula and nodulus of the
cerebellun sud b) that using electrical stimt lation they could not localize a4 vositing center in the
braln stam. Thana observatiocuns call into divect question accepted beliefs coucerning the neurophysic-
logical csuses of motion wickoess. They sre signally importunt in showiog that the physiological
bases of wmotion siclkuness sre even less well lkuown theu thought before and that great concern wust be
devotad to characteristice of the test situation, e.g. type and rvanga of provocative stimuli, duxa-
tion of stimulstjon, and to establishing tha charvacter and extent of lesious in experimental snimals,

Inaight into the role of vestibular~visual iuteractions in the elicitution of wotiou sickness in
cat and squirrel wonkey uas provided by Dsunton, et a1 (paper 31}, Thoy showed that iu these animals
as in wan, visual atimulstion aloas cen elicit wotion sickness. Interestingly, snimale most sensitive
to such visual stimulation were generaily also most susceptible to combined visuv-vestibular stimula-~
tion, This observation has relevance both for developing susceptibility teste es well av physiologi~
cal theories of the vole of visual-vestibular convergence in motion aicksess and epatial orientatiom,
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Pradiction of Susceptibility. Seven papers (25-31) dealt with poseible pasychological and physio~
logical correlates of susceptibility to csxr, air, ses, and space sickness. HNo relationghip was found
between cardiovascular changes and motion sickness susceptibility snd incidence of car sickness
(Vogel, 2%). Although correlational analyses suggest that individuale who show greater head and trunk
wovement when stepping in place tend to be more susceptible (Claussen, 28), Bles, at al $27) studying
correlates of chronic ses sickness Found as others have, too, that nystagmus and sensation cupulograms
are not discriminative nor is the time constant of nystsgmus decay after impulse deceleration.
Howaver, they found that the ousceptible subjects tendud to have greater labyrinthicna asymmetries dur-
ing caloric etimulation and tended to be wore visuslly dependent in a tilting room. Thesa findinge
point to the greater tendency for underlying vestibular abaormalities in the chronically susceptible
subjects and accordingly & grester depmndence on visual cues for maintaining postural balance.

Lentz et al (29) and Hixon et al (30) describad the long-tsrm efforts of the U.S. Navy's Aeros—
pace Medical Kesearch Laboratory im developing predictors of w.r sickness and in identifying the

training situstions where sickress usually occurs. There ar¢ many important ocbservations f£rom these '

studies including that wost sickness occurs in basic trsining in VIP, that self-ratings and instructor
ratings of wotion sickness sre very wall correluted. HMotion sickoass history qustionnaires and & var-
iety of provocative susceptibility tests iuvolving different pstterns of otolithic, canalicular, and
visual stimulation also correlste with susceptibility to air sickness., However, the correlations are
not large amough to use the procedures as selection determinsnts. Important characteristics of useful
selection procedures were also identified in these papars: a) generalizability of the test,
b) genaration of few false positives, ¢) brevity, d) inexpeusiveness, and e) with large populations,
the capsbility of decreasing the stressor and with small populations of increasing it to make it wore
like an operational situation. Leger st =1 (31) presented evidence suggesting that susceptibility te
&ir sickngss may be related to the iotensity of illusory wotion experienced during Coriolis etimula-
tion, a fioding that complements Reason's suggestion that susceptibility may ba related to the dura-
tion of sensory after-effects because of an incressed slope of psychophysical functions relatiog pex-
ceptual wagnitude and sensory atimulus wagnitude, suggestinog io Resson's termiunology greater “receap~
tivity" in susceptible subjects,

Motion Sickness has bacouwe a significant operational concern in the United Btates' 8T8 shuttle
program. Reschke ¢t al (20) prasented a comprehensive anslyeis of the problem and a summary of their
extensive experimental program to identify predictive teste of sumceptibility tc space motion wsick-
nass. As part of this goal, they have used ground based testa to maasure susceptibility to motiom
sickness during exposure to various combinations of provocative visusl, canalicular, and otolithic
stimulation, thay have also measured vestibulo-ocular reflex phase and gain, snd postural ataxia., The
results of these procedures have bueen correlated with susceptibility to motion sickness during pars-
bolie f£light wmaneuvers involving alternate periods of ulcrogravity and mecrogravity. None of the
corralations was sufficiently great to justify rejecting the usa of any of the ground-based pro-
ceduxes, Many females weve included iu the population eveluated and it is important to note that sys-
tematic differences iu suscaptibility were not present batveen wsles and females, despite the populsr
balief that females are wore suscepcible than men.

Together the findings of the papars in this series can be taken to indicate that a) there are mno
simples, highly zeliable grouud-based tosts of sesa, air, or space sickness, b) that thers sre few, if
any, relisble psychophysiological correlates of motion sickness susceptibility in the normal popula-
tion, and c) that susceptibility to motion sickness during exposura to provocative stimulation impli~
catiug ona combination of receptor:‘or receptor systems may not be highly correlatad with susceptibil-
ity to stimulation of differeut receptor systems or eveu tha same receptor systeus stimulated at dif-
ferent [requenciss, In short, it is unlikely that a simple test cf wotion sickness suscaptibility can
ba wuseful for wore than one "wmotion enviroument" and an adequate assessment of susceptibility for a
particular motion enviromment will require wove than one test. In the case of space motionm eicknesr,
tha full range of provocative characteristico of microgravity have yet to be detexmiced; ss a conse-
quence, the development of predictive tests is especially difficult.

Motion Simulators. Burface effect ships, largaly supported ou airx, that can attain speeds up to
80 unots will soon be commonplace, Anderson et al (38) have simulated the heave, pitch, and roll wmo-
tion components in the ranga to be expected in thcee ships, 0.05-1.5Hz, and messured moveuwsnts both of
the wave wotion simulator snd the subjects’ hauds. Thease fiudings are important in ehowing that wheo
the smplitude of spectral componeuts nesr 0,16 Uz lncresses, the liklihood of emesis also incresses;
in addition, when subjacts experisnced nsuses they also exhibited incressed lateral head swvay - the
tesson for this is wvot known.

Keupedy st al (34) provided a comprshensivy swamary of information about sicknass in £light wiswue-
lators. Beveral important conclusions can be wide : simulator sicknass is motion wickness, more ex~
parienced mircrew are mors likely to experiesce sickness, negative transfur to flight is possible, ex-
posurs frequency sud duration ars important, and the greater the fidelity of simulation the more like-
1y sickness will be elicited.

¥Yrom these papars, it is evident that simulators will continue to be useful in treining aud that
it 1s valuable to use simulators ss experimentsl tools for making predictions sbout suscaptibility to
wotion sickeness under operational conditiouns.

Countermaasures to Aireickness. The sympoeium was particularly valuable in allowing s comparison
of techuiques that are being uw. i to treat airsickoess ln £light taining progrema in the United King-
dom, The Federal Raepublic of Garmany snd the Uuited Utates. BStott et al (40) described the RAY pro-
grom on desensitization which is & two part program involving ground-based awd, later, in-flight expe
sure to progressively stressful levals of vestibulaxr stimulation. Prior to 1981 rnly one foum of ves~
tibulay stimulstion, Corlolis c¢ross—couplel angulaxr sccelaration was used, since then two additional
patterns, vertical cacillation and angnlar oscillation, have also bsen used. Tha success rate of the
program ~ measursd in terms of return Lo active flyiug was 70X before 1981, and §4X in 1981-1983, Mo
one who uppliad for the program between 198l sud 1983 was denied saccess and thers is excellent persis=
tence of trainisg. Biofsedback is rot part o' the traiuiag progrem.

The Garmsn program for treativy airsickaess (Kesmler st a1l 41) alse has an excsllant success
rata, Binca grester wsphasia was placed on using seluction criteris for pariicipation that strass
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strong |putuda for flying and great motivation the success rate has reached B7Z. Like the RAF pro-
gram, it wmakes use of ‘vestibular dasensitization" trsining by expowsing subjects to progressively
greater levels of provocative vestibular stimulation. In additios, it incorporstes physical fituess
training, relazation training, cognitive pre~training, and self-control mansgement. It does not use
biofeadback,

Jonas and Hsrtman (42) described the UBAF program for biofeedback trestmant of airsick crew
wembers. This program places grest emphasis on pre-screening candidates for high-motivation, provid-
ing psychistric interviews and counselling, giving candidates training in how to perform relaxation
exercises, and training them to use biofeedback to control their physlological responses. Candidates
are traated by exposing them to progressively graater levels of Coriolis stimulstiou in a bimxisl ro-
tating chair while thay are provided biofeedback about seversl of their physiclogical responsas to the
Coriolis stressor. Esrlier work in this program using a differeat type of vestibular stimulation aud
uot involving biofesdback had & success rate of approximately 40X. Sioce the incorporation ¢f pro-
gressively stressful Coriolis stimulation and biofeedback, the success zate has baen approximately

The festures that are commom to sll three programs are the reliance on prograssive exposure to
provocative vestibular stimulation and the eaphasis on the importance of high motivation in the
trainees, The elightly higher success rates of the RAF and German dessnsitization programs compared
to the USAF program are likely dus to the use of more effactive vestibular adaptation paradigms in-
volving additional forms of vestibular stimulation besides Coriolis croas-coupled angular accelera-
tions. Wo couclusions rhout the relstive contribution of biofeedback in praventing sir sickoess can
ba dravn, the USAF program is a trestment rather than an experimental program and control coumparimoun
were uot made. It it possible that if biofeedback had bean used ss psrt of the RAF and Germaun pro-
grans, their success rates would bave bsen even better.

Space Motion Bickness. Valuable informstion was presented by Homick et al (36) on space wmotiom
wickness in 8T8 flights 1-9, and by Omau et al (35) and Houney ot al (33) on motion sicksess iu Spa-
calab 1. From available evidenca obtuined in 87§ 1-9, it appears that space motion sickness a) has
similar properties to terrestrisl wmotion sickness-sxcept that pallor is less common, presumably owing
to the rostral redistribution of body fluids in orbital flight bacause of the absence of hydrostatic
pressure in the circulatory system, b) is evoked by head sud budy movemstta, ¢) is largely over by
wission day 4, snd d) tends to be heipsd by antimotion sickness drugs (Homick et al 36).

Excellent in-flight characterization of symptom devalopment and expraselon was obtained in Spa-
celsb 1. Head movements, aspecially head movements in pitch, tended to elicit symptows and astronauts
spontaneously veduced their head movements for the first several days; even after three or four days
vigoroua hesad wovements still elicited symptoms and roll head wovemeunts produced oscillopeia; rapid
vomiting occurrad but the astrouauts slways had other symptoms of wotion sickuness beforehand; am with
tercestrial motion sickness, vomiting brought symptomstic reliaf for some period sftexwards; no evi-
dcnca)vn appaxent for fluid shifts being en important etiological factor in space sickness (Owan et
al 35).

Money et sl (33) attempted to correlate for the Spacelab ! astronauts their pre-flight
motion-sickness suscepLibility test scores on four provocative test couditions with their im-flight
suscepcibility., Little'correlation was apparent; and their observations point to the difficulty of
attempting such correlations undar operationsl conditions, #.g. the numbesr of participants is emall
and it is difficult to rank order in=flight susceptibility when activity levels sre different and an~
timotion wickuess drugs are being caken on different schedules. An importauvt finding from Spacelab 1
and from 8T8 1-9 is that motion sickoess was uot experienced after retuxrn to Earth, Moxeover, the as~
tronauts sessied less susccptible post-flight than pre-tilight to several forme of provocative vestibu-
lar stimulation (cf. Homick et al 36; Honoy et al, 33; aod Owsn et al 35),

Evidence for tha nature of the changes in vestibular and vestibulo-ocular fuuction that occur ia
microgravity and that may ba related to apace wotion sickness wss available frow observations in Spa-
calab 1 and parabolic flight sxpariments. VYon Baumgarten et al (37) found during the &L-1 wmission
that thresholds for linear acceleration wers slevated in-flight and that oculer counterrolling was da-
creased post=£flight. This pattern suggests a decresse in gain of CN8 processing of otolith informs-
tion aa adaptstion to the space anvironment proceeds. Some nystagmus responses to in-flight csloric
ircvigation were alev found later Iu the mimsion, but the wechanism for this remains uncertain., Using
parabolic flight maneuvers to creste Gz variations, Vesterhauge et al (24) found an upward-besting
nystagmus at high force levels and s slight downward beatiog nystsgmus in 0G; both were lohibited by
visual fixation. The presence of thesa nystagmus patterns points to changes in oculomotor functiom in
tha space enviroument, ac does the further finding by Vesterhauge et al that the latemcy of saccadic
eye wovements Iucreasa in free fall relative to 1C test conditiona. Related studies by Laokuer and
Graybiel (22) indicate that the apparent magnitude and the aficitation of wotlou sickuess by Coriolis
cross~coupled angular accelerations are highly grevitoinertial force dependunt, 0G test conditions are
much less stressful aud provocative than 2C couditions for conetant levels of Coriolis stimulation.
This fioding provides un explaaation for the Jecxeased in-flight susceptibility of the Skylab astxo~
wauts to Coriolis stiwulstien in the Bkylab MH-131 expsriment.

It is clesr from the evideuce prasented st the Bymposium that space -otion sickness is likely of
wultiple atiological origive, that it has similar charscteristice to other foxms of motion sickuess,
and that it will likely prove as vefractory to prevention and trestment as motion sickuess has undar
vperational conditious on land and ses, and iu aly.

6. CONGLUBIONG

The Oymposium despite its brevity was exrremaly succeseful in delinesting our current kiuowledge

of wotion sicluses under terrestrial aud space conditions. Tha principal conclusious From the topics
covered include:

6.1 Uunderstanding of the physiological mechesiems responuibls for the elicitation of motivn sickomas
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iy less advanced than generally believed,

6.2 There is litrle relatiouship between psychological and psychophysiological variables and suscep-
tibility to wotion mickness.

6,3 Space motion sickoesa seems to be elicited by head movements in microgravity emd appears to have
similer characteristics to motionm sickness observed under terreetrial conditions,

6.4 “Simulator sickness' appears to be x form of wotion sicknecs.
6.5 Programs for treating air sick flight candidates are achieving quite good success rates,

7, RECOMMENDATIONS

7.1 vVirtually all aspacts of motion sickness and how to deal with it - mechaniems, contributing stio-
logical £actors, praedictive tests of sumceptibility, physiological correlates, adaptation - require
additional intensive ilnvestigation, Our knowledge is quite rastricted &t present despite wany years
of study.

7.2 It would be veluable every sevaral years to hold additional wmeetings on motion sickuess to slluv
wonitoring of progress and reassessment of goals.




Neurophysiological Correlates of Motlion Sickness: Role of
Vestibulocerebellum and "Vomiting Center" Reanalyzed

Alan D. Mitler and Victorr J. Wilson
The Rockefeller University
1230 York Avenue
New York, NY 10021 USA

SUMMARY. Unexpected findings were obtained regarding (1) the role of the nodulus and uvula
of the vestibulocerebellum in vestibular=-induced vomiting and (2) the existence of a read-
ily identifiable, discretely localized "vomiting center". Sinusoidal elecirical stimula=
tion of the vestibular labyrinths of decerebrate cats could produce vomiting and related
activity similar to that observed during motion sickmness. These symptoms occurred in ani-
mals with lesioneg of the posterior cerebellar vermis that included the nodulus and uvula,
indicating, by analogy, that these structures are not essential for the development of many
symptoms of motion sickness in intact animals. In a second series of experiments, electri-
cal stimulation of the brainstem was used in an attempt to localize a "vomiting center" to
a restricted anatomical region. Vomiting proved difficult to produce; a "vomiting center",
stimulation of which evoked readily reproduecible resulits, could not be identified.

INTRCDUCTION

Our current concept of the neurophysioclogilcal correlates of motion sickness is largely
based on work done prior to the mid-1950's (reviewed in 8,%), In 1956, Wang and Chinn or-
ganized this body of knowledge and proposed that motion-induced vomiting is produced by
vestibular signals that traverse the nodulus and uvula of the vestibulocerebellum and then
gsomehow activate the chemoceptive emetic trigger zone in the area postrema which in turn
activates the medullary vomiting center (12)., However, our recent experiments have raised
questiong about both the role of the nodulus and uvula in vestibular-induced vomiting and
the presence of a discretely localized '"vomiting center',

Lesiona of the nodulus and uvula have been reported to prevent not only motion-induced
vomiting (1, 2, 12) but also prodromal symptoms of motior sickness in dogs (1, 2). Wang
and Chinn concluded that lesions including only one third to one half of the entire noduluc=-
uvula complex were large enough to be effective (12), We re-examined the role of these
structurea by using sinusoidal electrical polarization of the labyrinths to mimic natural
vestibular stimulation in decerebrate cats, some of which had lesinns of the nodulus and
uvula (6).

The generally accepted concept of a "vomiting center" ip -based on studies by Borison
and Wang who showed that vomiting can be produced by electrical stimulation of a region of
the brainstem of decerebrate cats (3) and that large lesions in this avea render dogs re~
fractory to emetic agents (11). Thelr effective stimulating sites were located in the
region of the solitary iract and nucleus and nearby lateral reticular formation, over a
rostral-caudal distance of about 4 1/2 mm. In a seccond series of esperiments, we also used
electrical stimulation of the brainstem of decerebrate cats in an attempt to obtain a more
restricted anatomical localization of a "vomiting center" (7).

METHODS

Experiments were performed on unanesthetized, decrebrate adult cats. Animals weve
chosen at random, without regard to their susceptibility to motion sickness. Initial supr-
gical procedures prior to decerebration were carried out under halothane/nitrous oxide
anesthesia, with the exception of one cat that was anesthetized with Nembutal (40 mg/kg
i.p.) and decerebrated on the day prior to the experiment. The animals were held in a
stereotaxic frame. Blood pressure was monitored, and rectal temperature was maintained
batween 36 and 38 degrees C. At least 2 hours usually elapsed between decerebration and
the start of electrical stimulation.

In the first series of ‘experiments, silver/silver chloride ball electrodes were im-

lanted to stimulate the vestibular labyrinths of 14 cats. Stimuli consisted of polar-
izing currvents, having as a waveform either single sinusoids (0.2-0.6 Hz) or a sum of 10
sinusoids (0,035-0,809 Hz) (13), which were applied for an average of about 6 hours (range
2 3/% to 8/3/4 hours). Current levels were on average about 2 1/2 times that required for
producing reflexly induced eye movements, No facial movements were observed which would
have indicated curprent spread to the facial nerve.

Large lesions of the posterior carebellar vermis were carefully made in 10 of these
cats, Postmortem examination under a dissecting microscope revealed that the lesions always
included the nodulus and uvula as well as the pyramis and tuber and usually some adjacent
cerebellar tissue, Lesions were almoet always complete; only occasionally did a small rem-
nant of tissue remain. The extent of the lesion was confirmed in 3 cats by examinlng
thionin-stained, parasagittal sections (100 um) of the brain. 'The lesions in these animals
were also found to include the caudal part of the fastigial nucleus, which was probably
affected in most animalg, and in i cat, the caudal part of the nucleus interpositus postericr,

Electrical stimulation of the brainstem was carried out in a second series of experi-
ments using either glass micropipettes, pairs of vnameled covered side-by-side tungsten elec-
trodes, or enameled bipolar nichrome wire electrodes jdentical to those used by Borison and
Wang (3)., A variety of stimulus parameters and experimental procedures were used in an at-
tempt to produce vomiting (for details see Miller and Wilson (7)). The locatlions of selected
stirulating sites were marked with either Fast Green dye marks (10) or small electrolytic
leslons and were later visualized on thionin-stained, Ffrontal sections (100 um) of the
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Table 1. Vomiting and related activity produced by sinusoidal electrical polariza-
tion of the vestibular labyrinths, in cats with and without lesions of the posterior
cerebellar vermis (data not listed sequentially). Symptoms observed indicated by +;
symptoms occurred repeatedly in the majority of animals (++).

Cat Posterior . A ‘
Cerebellum Vomit Retch Salivate Pant Swallow Lick
1 Intact +
2 Intact
3 Intact
4 Intact
S Removed ++ +4 +4
[ Removed +
7 Removed +4 +
8 Removed ++
9 Removed +4 ++ 4
10 Removed +
11 Removed
12 Removed
13 Removed
14 Removed
brainstem.

To make it more likely that electrical stimulation would produce vomiting, the opiate
antagonist naloxone (Endo Lab., 1.3-3,1 mg/kg i.v.) was administered to some animals.
Naloxone was used because it has been chown to increase cats' susceptibility to motion
sickness (4).

RESULTS
Electrical Stimulation of the Vestibular Labyrinths

Vomiting, as defined by the expulsion of gastric contents, was produced by vestibular
stimulation in 3 out of 14 cats (Table 1). Times from stimulus onset to the first act of
vomiting ranged from abocut 1 to 8 hours. Related activity including licking, swadlowing,
panting, salivation, and retching was observed in 4 other animals. 3ymptoms often appeared
in a series of episodes; a maximum of 7 episodes of panting, swallowing, and retching oc-
curred in one cat over a 5 1/2 hour period. It was not possible to predict the optimal
stirmulus condition or duration required for producing vomiting or related symptoms.

Unexpectedly, the 3 cats that vomited all had lesions of the nodulus and uvula. Other
symptoms were also more prevalent in lesioned animals. The extent of the lesion in 3 cats
is illustrated in Figure 1.

Electrical Stimulation of the Brainstem

A total of 296 tracks was made in 15 cats in grid-like patterns from 2 nm caudal to
the obex to 6 mm rostral to it, encompassing the region of the ¥vomiting center" as de-
scribed by Borison and Wang (3). Stimuli were appliied at depth intervals of 0.5 mm or
less in each track. Readily reproducible vomiting could not be produced by stimulating
anywhere in this region. Emesis occuried during stimulation in only 3 cats (Table 2).

The stimulation sites at which vomiting occurred were not restricted to a single anatomical
structure; they were located in the solitary tract and reticular formation ventral to it
(Figure 2). 1In contrast to these 3 instances in wnich vomiting occurred, numerous ad-
ditional attempts to produce emesis by stimulating in the same region proved unsuccessful,
both in cats that vomited and in other animals.

Emesi.  occurred reproducibly in one cat immediately after the stimulus was turned
off; another animal vomited spontaneously while the current wae off. Prodromal signs of
vomiting were elicited in most experiments (Table 2).
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Table 2. Effects produced by electrical stimulation of the brainstem (Qat§ not listed
sequentially). Observations indicated by +. Cat 15 vomited spontaneously (indicated by
¥); cat 14 vonited only when the stimulus was turned off (X).

Cat Vomit Retch g%%ﬁ?ng Salivate Swallow
1 + + + +
2 + + +
3 + + +
Y + + +
5 + + +
6 + + +
7 + +
8 + +
9 + +

10 + +

11 + +

12 + +

i3 +

iy X + +

15 X

DISCUSSION

While the vestibular system has long been recognized io be essential for the develop-
ment of motion sickness (8, 9, 12), the role of some other structures implicated in motion
sickness remains to be clarified. We have shown that a transcerebellar pathway involving
the nodulus and uvula is not essential for vomiting and related activity that can be pro=-
duced by electrlcal polarization of the vestibular labyrinths of decerebrate cats. By
analogy, it seems likely that this pathway is also not required for the occurrence of many
symptoms of motion sickness in intact animals. Rather, the nodulus and uvula either may
form part of one of multiple pathways from the vestibular apparatus to brainstem structures
involved in producing symptoms of motion sickness and/or may have an important modulating
influence on thease structures,

Furthermore, we were not able to obtain a restriected localization of a "vomiting
center", despite our efforts to replicate the experimental conditions of Borison and Wang
(8). If a well localized coordinatjing center for emesis did exist, we would expect that
its activation by electrical stimulation would produce vomiting more reliably than we found.
The absence of a readily identifiable "vomiting center" further complicates the task of
determining how certain motion situations can lead to activation of the somatic and visceral
effectors that produce vomiting and its related symptoms. In sum, our work has indicated

that the neural mechanisms that produce motion sickness are not as well understood as has
been assumed.

This work was supported by NASA grants NAG2164 anc NSG2380 and NIH grant NS02619.
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CONTROL CATS CATY

Figure 1., Cerebellar lesions from 3 cats illustrated on parasagittal sections near the
midline., 'The cerebellum from a normal animal is shown on the left. Nomenclature follows
Larsell (5), FN = fastigial nucleus, PF = primary fissure. Reproduced from Miller and
Wilson (6) with the permission of the publisgher, S. Karger AG, Basel.

Figure 2, Vomiting only occurred 3 times during electrical stimulation of the brainstem,
at sites shown by filled circles on frontal sections at indicated distances rostral to the
obex. Retching was obtained in 2 other animals at sites marked with X. Abbraviations:
AMB, n. ambiguus; AP, area postrema; CUN, cuneate n.; CX, external cuneate n.; DMV, dorsal
motor nucleus of vagusj FTL, lateral tegmental fieldj INT, n. intercalatus; I9, inferior
olive; LRN, lateral reticular n.; PR, paramedian reticular n.; SL, lateral solitary n.;
SM, medial solitary n.; ST, solitary tract; VIN, descending vestibular n.; 58P, spinal
trigeminal n.3 12, hypoglessal n. Reproduced from Miller and Wilson (7) with the purmie-
sion of the publishex, Elsevier Science Publishers B. V., Amsterdam.
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DISCUSSION } '
GUEDRY: Please compaxe the stimuli used in your study and in the study of Wang and Chiun.

MILLER: Both Bard and his coliesuges (1945, 1947) and Wang avd Chino (1956) tested their animals
using swings, presuaably without reutrsining the head of the snimal.. Bard st al swung their animals
using a frequency of 0,29 Hx and Wang and Chinn used 0,22 Hz. Their stimuli would have affected both
the semicircular canals and otovlith organs. 1In our praparation (Miller and Wilsou, 19834), atimulat-
ing elactrodes wers placed in the vastibular labyrinths after removing part of the cochlea,
Polsrizing currents were applied which had a waveform consisting of either single sinvcoids (0.2-0.6
He) or & sum of 10 asinusoids (0.035-0.809 Hg) (Wilson et al 1979), Current amplitudes were slightly
in excess of the threshold for elicitiug reflexly-induced aye movements. Stimulation of this type
causes sinugoidal wodulation of the fixing rate of primary vestibular afferents (1). In our prepara-
tion, afferents from both the semicircular canals and ctolith orgavs wore presumably modulated in »
synchronous pattarn that would not be experienced during matural vestibular stimulation. Such an
unugual pattern of affarent activity may produce am intralabyrinthice ssnsory conflict leading to the
devalopmsit of symptoms of wotion sickness. 1. Exure K., Cohen A.8,, Wilson ¥. J. Response of cat
ssmicircular canal afferents to sinujoidal polarising currents: Implications fox input-output proper-
ties of second-order neurons. J, WNaurophysicl. &9 (1983) 639-648,

CLAUSSEN: X congratulate you on your findings. The vesults you have shown ars very important
and are matching with our findings in wmany patients. We observe major ceraballar lesions and soms
circumscribed brain stem inferctions without affecting the motion sickness system. Arisal of motion
sickuess dapends on dynamic interferences of differeut spstial infoimstion processing systeas,

MILLER: Thank you for your interesting comsents. We too believe that motion sickness is best
explained by a sensory comflict theory.

CRAMPTON: Early wmotion sickness sxpsrimeuts on the cersballum and area postrems wers performed

on dogs. Later evidence controverting early dats are frow cat. Ls there a possibility that there are
specius diffevences?

MILLER: There is no & priori resson why the neural coutxol system for motionm mickaass should be
fundamentally different in cats and dogs. Perhaps iu dogs the nodulus and uvuls and arsa postrema
have a mora important tonle facilitatory influsace on the wechanisms that produce motion sicknass
and/or parhkaps these structures are part of a parallel wachanism that is wore important in dogs than
in oste. It is wleo possible that sarlier luvestigators might hava produced motiom sickness in wmore
of their aniwals if they had used wore provocative stimuii or louger post lesion exposura periods.
Baxd (1945) comments that swings having a longer radius than the one he used produce at lezat doublae
the incidence of vomiting im dogs. In spite of not having optimal stimulus couditions, 3axd (1943)
reaported that out of 7 dogs with lesions of the modulus and uvula, 2 vomited once during post lesion
testing and 1 of thess avimals also regularly licked and salivated. 1In regard to the emstic responsss '
of animala following lesions of the ares postresa, Wang and Chinn (3) veported that 2 out of 12 dogs '
vomited, Brizzae and co-workers (2) found that 3 out of 8 squirrel wonkeys vomited, while Borison and i
his colleagues (1) recently reported that 4 out of 5 cats vomited in compariscn to 4 out of 10 intact
cats, In additiom, you can see from Dr. Claussen's rosarks during the discusaion period that he has
obtained findings similar to ours with patients having wajor cexeballar lasions and circumscribed
brainetes infarctions, I would also like to point out that ouxr attempts to obtain a restricted ana-
tomical localiration of a so-called "“womiting center” were caxried out in dacersbrate cats, the sme
preparation used in Borison and Wang's original study (1949). 1. Bovisom H.L,, NcCarthy L.X,, Bori-
son R, , Mandal A.X., Pisk T.J. Hotion sickness is not prevented by chronic ablation of ares postrema
in cats, Yed, Proc. &3 (1984) 504. 2, Brizxas K.R., Ordy J.M., Mehler W.R. Effect of sblation of
ares postremsa on frequancy and latsncy of wotlon sickness~induced emesis in the wsquirrel wonkey.
Physiol. Behav, 24 (198C) 049-853. 3. Wang 8.C., Chivan H.X. Experimentsl wotion sickness in dogs,
Functionsl importence of chemocsptive smetic trigger zome. Am, J. Fhysiol, 178 (1954) 111-116.
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Influence of Gravltolnertial Force Level on Apparent Magnitude of Coriolis
Cross-Coupled Angular Accelerations and Motion Sickness

James R. Lackner and Ashton Graybilel
Ashton Graybiel Spatial Orlentation Laboratory
Brandeis University, Waltham, Ma., 02254, USA
and
Naval Aerospace Hedical Research Laboratory
Naval Alr Station
Pansacola, Florida 32508, USA

Sunmarcy

The Skylab agtronauts showed a ygreat decreasa iu susceptibility to motion slckness during exposurae
to Cotiolis crose-coupled angular accelerations whan tested in orbital flighv. In Eact, none of them
reachad 4 motion elckness endpoint inflight although each of thom had preflight. Wa have baen attempting
to determine whather this dacreased gusceptibility is related entirely to adaptation or in part to changes
in vestibulat and sensory-motor function that occur virtually immediately in the wicrogravity conditions
of orbital £light. ‘To resolve thie iusue wa have tested mubjects separately in the free full and high
forca phases of parabolic flight maneuvevs and massuraed 1) suscaptibility to motlon eickuess during
Coriolis stimulation as & function of force lavel and 2) the perceived intensity of Coriolis croams-
coupled angular accelerations us a function of force lavel. The findings are clear cut: subjects exhibit
fewer und less vevere symptoms of motion sickiuess when tested in frea fall than they do for the ~same
Coriolic stimulation in 1G; they exhibit much earlier and much more savere symptoms when tested in 2G.
Ratings of the apparant intensity of Coriolis stimulation show the same pattern: subjacts find that
executing haad movements in free fall at a particular velocity of rotation is much lews stresuful than
in 1G} in 26, the perceived intensity and awsociated discomfort are greatly increased, Wa concluda that
pact of the Skylab astronauta' inflight decrease in susceptibility to Coriclis stimulation wae related
to altevations in vestibular and sensory-motor control that vccur immediately during exposure to wmlero~
gravity force lavels.

Introduction

Wa describe here how varilations in gravitoinartial force level affact the axperienced magnitude of
Corioliu cross-coupled angular accelerations and the alicltation of symptoms of wotion sicknass. COross-
couplad stimulation of the semicircular canals occurs when a rotating individusl makes head movements
out of tHe plane of his rotation. The intensity of wtimulation 1s dapendent on the rotary velocity of
the body, (1, the velocity of the head movement, s, out of tha plane of body rotation, and the angle,

j& , between tha Wy »snd (W axes. Daescriptions of the phywical basis of Coriolls croms-coupling
«ffects have baen provided in particularly useful form by Guedry and Benmson (1), Benwon (2), Guedry (3)
and Jones (4)., Bacause of cross~coupling, a rotating individual who makes a head movamunt will experi-
ence aberrant motion of his head about an axis roughly orthogonal to Wjand (Vg. For axample, an in=-
dividual who tilts hie head toward his right shoulder whila baidg rotatad countarclockwise at counstant
valocity will experience a forward pitching motion sbout the transversa plane of his head. It has long
bean known that Coriolis stimulallon, whan intense, will elicit diszinews, nausea and vomiting., The
ability to withetand exposwurs to Corlolis cross—couplad ungular acceleration has formed tha bagis for a
tast of motion sickness susceptibility that has baan of value in pradicting susceptibility during aerial
maneuvers, the Corlolis Sickness Susceptibilicy Index Test or CHSI test (5).

The CSSI teut was one of tho procedures conducted as part of tha Skylub M-131 experiment on vestib-
ular function in waightlawsnase (6,7). Light of the nine astronauts who participated in the three manned
Skylab missions wera evaluated with the CS8I test preflight, inflight, and postflight. The firat
inflight teute for the differant agtronauts took place batwean wigeion days 8 and 12, At the time of
their fivst inflight avaluation and during subsequant inflight tests, all of the asvtvonauts showad a
marked decrease in euscuptiblility compared to thair preflight scores. Even when the valoeity of the
rotating chalr wag lncreased beyond the ground-based test velocitiaes to 30 vpm, all of the wsstronauts
complated the muximum possible aumtbar of head movements in the test without reaching o motlon sickness
andpoint; in fact, all of them ware virtually oymptom frea. The decremsad susceptibility of the Skylab
wetronauts to Coriolis cross—-coupled ungnlar accelerations persistaed into the postflight paeriod; only
ovar a period of days, and even In some cases weeks, did suscaptibility on the CS5I tast gradually re-
turn to praflight level (6,7).

The vrigin of the decreased susceptibility to crose-coupled angular accelerations inflight has
signlficance for understanding the etiology of space motlon sickness and for gaining ineights into the
nature of vestibular function in the altered gravitolnertial conditions of wpace flight., One question
of immadiate concern is whethar the decreased inflight susceptibility resulted frow some form of
adaptation process, an adaptation which once achieved than pareisted for some period postflight and
gradually dacayed, or whether it resulted at lesst in part frow immediate changes in vestibular funetion
related to the effective lifting of the O force in free fell,

In an experiment relevant to this issue, Miller and Grayblel (8) found that in tha free fall phase
of parabolic flight maneuvers mome subjects show a decreasad susceptibility to motion sickness during
the CS8I test whila othars ghow an incressw. Many individuala, however, are susceptible to motion mick-
ness during parabolic £light maneuvers simply as & consegquance of exposure to parjedic varistions in
gravitoinertial force level, even when they are sasatad with their heads stationary in ralation to the
alrcraft, It 1s not known whether the subjects tested by Millex and Graybiel (B) who showed increased
sensitivity on the CSSI test are among those individuals who dre susceptiblo to motion sickness during
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exposure to the parabollc flight force variations independent of Corinlis stimulation, and whether those
who showed u decreased susceptibility are insuscepilble to the force variations alone.

To rosolve this igssue we have measured the basic susceptibility of subjects during parabolic flight
maneuvers and then have dotermined how their susceptibility to motion eickness during exposure to crose=~
coupled angular accelerations relates to gravitoinertial force level, In other assessments, we have had '
subjects vate the appavent inteneity of cross-coupling in situations involving comparable Coriolis
stimulation but differant gravitoinertisal force levels.

Experiment 1

Susceptibility To Motlion Sickness During Coriolis Stimulation As A Function of Gravitoinertial Force
Laval

Materirls and Methods

Subjectut Eight individuals took part including one of the authors and seven college students who
were pald for thair voluntary participation., All had mat the medical requirements and undergone the
physlological training procadures necessary for taking part in parabolic flight experiments. Eagh had
normal otolithic and canslicular function as measurad by tests of ocular countarrolling, ataxla, modified
ritzgerald-Hallpike caloric irrigation, and threshoids for perveption of the oculogyral illugion,

Subject Cotegorization Each subject waw categorlzed in terms of his susceptibility to motion sick-
ness in parabolic flight maneuvers., This waw done as follows: in ona of a subject's first two flights
hae was seated with hiv head restrained and his eyas covered, in the othar flight his head was rastrained
but his eyues were open and he had full silght of the aircraft., Each of thees flights lastad 40 parabolams,
If u subject scorad a total of betwaen U and &4 motion sickness points 1u the two flights, he was assigned
to Categary I (insusceptible to wotion sickness during exposure to perlodic variations in gravitoinertial
forca luval; 5-12 points, Category II (modorately susceptibla); and 13 or mora points in Catagory IIX
(highly susceptible). The scoring systam for assigning wotion sickness polnte waa developed by Graybiel,
Wood, Miller and Crumer (9) and is presented in Table 1. TFour of tha eight subjects fell in Category I
and four in Category IIL: i

Table I

DIAGNQOSTIC CATEGORIZATION OF DIFFERENT LEVELS OF SEVERITY OF ACUTE MOTION SICKNESS 1»

e e ettt

i
Pathogremainic Major Minor Minlmal AQS ’

Category 16 points Gpoints 4 poinh 2 polnks 1 point

Naueo syndrome Vomiting cr retehing Nouseat 11, (Il Nausea | Eplgastric discomfort  Eplgastric owareness

Skin Pallor 111 Pallor 1l Pallor | Flushing/Subjectiva i
warmth 2 11

Cold sweating m n l I

Increased salivation 1} H | !

Drowsiness n ] i \

Paln Headache > I
Central nervous

syitem Dixzziness

Eyer cloted 211
Eyes open 11

Levels of Sevarity Identified by Totel Points Scored
Frank Sickness Sevars Malaiss Moderate Malaise A Moderate Malaise 8 Slight Malaise
(S) (M 1) (M 1IA) (M 11B) (M)
216 pointy 8 = 15 polnts 5 =7 polnhs 3 = 4 points 1 = 2 polnts

*AQS = Additional qualifylng symptoms, * 11| = savers or marked, Il = moderate, | = slight,
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Apparatus: A servo-controlled Stille rotating chair was mounted in the mid-reglon of the fuselage

of the Boeing KC-135 aireraft used In our experiments.

Parabolic Flight Profile: Figure I is a schematic 1llustration of the flight pattern of the KC-135
alreraft during parabolic waneuvera. The aircraft 48 flown in a parabolic path to generata alternating

periods of incremsad gravitoilnertial force, approximately 2G peak, and of free fall (0G).
high force perlods in each parabola, and a free fall period lasting approximately 20 sec.

Thera are two
In our experi-

ments, the alveraft flies a total of 40 parsbolas during each miseion.

The parabolus are flown cousecu-

tively excapt for turnarounds to gain additional alrspace or breaks to assist motionsick subjects.
Figure I
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Pr.ocodurat EKach subject wae testad undar threa conditions involving clockwise rotation at 20 rpw!
1) in the laboratory, 2) in the froe fall phuses of parsbolic filght, and 3) in the high force phases of
paxabolia f£light, In these conditions, tha subjact was required to make tilting haad movemants to & taps
ricordad 1 beat/s cadence. The subjact wis alvave muintailned at conwtunt valocity for at least 60a bafors
head moveaents ware initiated. The movemsnts involved were a variation on the C881 test procedurd: the
subject ventriflaxed his head Eorward in piteh until it touched his chest and then dorsiflexed it until
it touched & pudded hesd rest: wovesent amplitude was 90°, one cycle of movement wus completad in 2s for
4 movemant frequancy of ,5Hz, Kight cycles of movensnt were carried out, then thers wam a rast puxiod
bafore the next aet of movements, this procedure was repsated untll either a motion sickness endpoint of
savara nausea wue veached or the subjact had wade 320 cycles of head movement. On the ground, 40s periods
sapatated sats of § haud novement cyclasi in the parsbolic flight twsts, the minimum saparation was 40~
458 und the maximun separation +as écmetimes as long a# several minutes or more in the case of a turn
around. This maximum interval varied non-systematically scross subjecte and scross test conditions. In
parabolic flight, head movements in the microgravity tast conditions were initisted in ssach parsabola when
a digital accelaramatur indicated 0.0G* in the high force condition, when 1.8G had been attained.
Ground-basaed laboratory testing ulways preceded the parabolic flight evaluations, the ordsr of subject
testing in parabolic flight was balanced across wubject categuries mnd force levals,
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Resulcs

All of the subjects showed dramatically pgreater susceptibility to motlom sickness during Corolis
stimulation when they were tested in the high force phase of flight compared with their susceptibilities
in fres fall and in the laboratory. Moreover, all of tha Category I subjects also showed a marked de-
crease in susceptibllity in free fall comparad with their laboratory results; two of the Category IIIL
subjects also showed & subatantial decreasse in frae fall while two were more susceptible. Table 2
presents a summary of the date in terms of tha total number of motion sickness points scoraed and the
totual number of head movement cyclus achieved according to subject category and tast condition.

It 18 notable that when tested in frea fall 3 of thae 4 Category I subjects completad the full 320
cycled of heud movements without scoring any motion mickness points, the remaining Category I eublact had
soma symptoms but completed thu tast. Only one of thewe subjects had complatad the 320 cycles of haad
movements on the ground and none of them had bean symptom Eree.

Table II

SUSCEPTIBILITY TO MOTION SICKNESS DURLNG EXPOSURE TO A CONSTANT LEVEL OF CORIOLIS CROSS~COUPLED
ANGULAR ACCELERATION AS A FUNCTION OF GRAVITOINERTIAL FORCE LEVEL. THE AVERAGE NUMBER OF HEAD MOVEMENT
CYCLES COMPLETED (320 = MAXIMUM ENTRY) AND THE AVERAGE NUMBEK OI' MOTION SICKNESS POLNTS SCORED (16 =
MAXIMUM ENTRY) DURING TESTING ARE INDICATED, THE EMESIS ENTRIES INDICATE THE TOTAL NUMBER OF 3UBJECTS
WHO VOMITED IN EACH CONDITION.

Gravitoinertial Head Moveumant Motion Sickness
Subjuects Force Level Cyclas Polnts | EMESTS

Category 1 14 186 8 0
(Nwd) [V 320 2 0

26 n 10 1

Category III 10 122 10 1
(Nw4) 'Y 141 8 Q

26 24 16 3

Experimant 2
Apparent Intansity Of Corlolis Stimulation As A Function Of Gravitoinertial Force Leval

Mutevialu and Maothods

Bubjects: Tifteen individuele took part including one of the authors. All had wet the medical
requirements necessary for parabolic flight experiments and were without sensory-motor anomalies.

Procedurat The sume apparatus and aircraft were used as describad above in Expariment 1. Prior to
the onset of parubolic wmuneuverd, the vubject was blindfolded and accelarvatud ut 15%/82 to a constant

angular vaelocity of 120%/u, this velocity was maintainad for the duratdon of the test. During straight-
and-leval flight, the subjact waw required to axecuts a total of three rapid tilting mwvements of the
head: the subject tiltad hie head to his chest (movatant time approximately L) kapt it there for 108
and gradually veturned it to the upright avoilding disturbance., ‘This procedure wame rapuated twice more
while the subject paid careful attention to the oxperienced magnitude of tha Corlolis forces scting on
hiu head during snd after the forward pitch movemant and thu lovel of subjective discomfurt aswocflated
with tho movement. The subject wee instructed to give sach of thess expariaences thy reference valus 10
and to uee suwaller or larger numbars we appropriute to rate the lavals of crosw=-coupling inteneity and
discomfort experienced during head movemants in subssquent parabolic wansuvers.

During paraboldc flight, the subjact was required to uwake ons cycle of hesd wovament in the dinitial
high force phuasa and one cycle in the free fall phase of each parsbolu, The subject tilted his head to
hie chawt in approximatsly le kapt it there for 10s and returned it graduxlly to the "vertical®. Tha
head movemanty made in ligh force levels ware initiated whan a digital acceleometer indicated st least
1,8G, the low force ones at 0.0G, After the completion of each test head movement the subject gave
numerical wagnituda eetimates of the crowss-coupling and thu disconfort experienced. If thure was a tutu
around period of straight-and-laval flight during 4 subject's test parsbolum, he was raquired to make
an additional l-g foroe leval, head movement to help meintain hims rating standard, The subject was tested
until he either reschad a motion sickness endpoint of nauses or had ratad )0 parabolas.

Results

The experienced wagnituda of a gonstant level of Coriolis cruss-couplead angular atimulation was
highly dependent for each subject on gravitoinertisl force laval. In free fall, relutive to straight-
und-lavel flight thora was a significant decresse in ratings of apparant intensity, p<{,001; by contrast,
during exposura to high force lavels thare was a grest increasa in apparent intensity, p « 001, This
pattern :Il characteristic of every subject and all of them also remarked on the great differences sx-
yperienced.

The sase pattera appesrad in the ratings of ar~arent discomfort amsoclated with head movements.
The hand movenmsnts in fres fall were reported to b much lass stressful than those in straight-and-lavel
flight, and thows made in 20 ware vated e much mor, strassful than the 10 standard, p<Z .00L for both
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comparisons. This pattern was characveristic of every subject,

Table 3 summarizes the experimental findings for apparent intensity and for relative stressfulness
of erots-coupling as a functlon of gravitoinertial force lavel.

Table III

MAGNITUDE ESTIMATIONS OF SUBJECTIVE INTENSITY AND STRESSFULNESS OF CONSTANT LEVELS OF CORIOLIS
CROSS-COUPLED ANGULAR ACCELERATION AS A FUNCTION OF GRAVLTOINERTIAL FORCE LEVEL, THE 1 G TEST CONDITION

SERVED AS THE STANDARD AND WAS ASSIGNED 10 AS A REFFRENCE VALUE., STANDARD DEVIATIONS IN PARENTHEBES.
N = 15,

GRAVITOINERTIAL FORCE LEVEL

. 16 006G 20
APPARENT MAGNITUDE 10 2 ($1.3) 25 (£3.6)
APPARENT STRESSFULNESS 10 1 (£1.1) 28 (t4.2)
Diucusseion

The results of our two experiments whow unequivocally that the apparent intensity and tha relative
provocativeness of constant lavels of Coriolis stimulation are gravitoinertial force dependent. This
finding provides an explanation, at leawt ip part, for the dacreased susceptibility of the Skylab
antronauts when tested with the CSSI procedure inflight: the same patterns of Coriolis stimulation are
less provocative in free fall than on tha ground; accordingly, in the absanca of other stressful vestib-
ular atimulation, it way be expected that setronauts will be less suscaptible to Corlolis stimulation
after antry into weightlegsness. In addition, however, the continued decrassed susceptibility of tha
Skylub astronautu postflight suggasts that soms form of vestibulo-motor adaptation aloo took place inflight.
We have described elmewhers how and why this adaptation may occur (10).

Over the past few years, there have baen ssveral indications that vestibular responsivity to angulax
actaleration 1w gravitoinertial force dependant. Lackner and Graybiel (11) found that the frequsncy and
awplituda of nystagmup elicited in blindfolded subjacts by constant levels of angular moceleration waera
diminished in free fall and enhanced during exposure to greater than 16 force levels, Bludworth, Remschke,
and Homick (12). Vewterhauge, Manswon, Johansen, and Zilstorff (13), and da Jong, Oosterveld and Lavooy
(14), have vecently mude similuar observations, Toguther these findings suggest that the gsin of the
vastibulo=ocular reflax (VOR) diminishes in free fall,

The present findings of & decreased apparant intensity and &4 decreassd provocativensss of Coriolis
crosp-couplad stimalation of the semicircular canals in fres fall relative to terrestrial force levels
ara in accord with such a decreuse in the VOR. The veason for the decrassa is uncartain, It has been
suggested that the sewicircular canals wmay under some clrcumstances, such as Z-axis recumbent rotation,
be senuitive to linesr as wall au angular sccelerations (15,16), 1In addition, it is wel)l established
that otolithic input can modulate the activity of cells receiving afferents from the semicircular canals.
(17,18,19,40,21,22,23,24). This latter possibility sesms at present & wmore likely basis for the effects
of gravitoinertial force level on responsivity to angular acceleration. In this contaxt, it should be

noted, too, that Igarushi (25) has shown that if tha otolith oxguns ara ablated, the intenusity of pendular
rotation nystagmus is diminished,

Saveral other factors may influence the apparent intensity of Coriolils crons-coupling accelerations
in addition to variatious in otolith organ activity related to gravitoinertial level. During sxposure to
force levels greater or lesser than Earth gravity, altarationo also ocour in many othar aspacts of
sensory-motor control, Thege include, for examplu, clianges in the intenwity and discribution of touch
and pressurs stimulation of the body surface, altsrations in proprioception, snd changes in the levels
and patterns of muscle sctivity associsted with making particular bedy movemsnts. In the last few years,
there has besn increasing evidenca that all of these factors participate in a dynamic sensory-motor
calibration of the body to terrestrial force levels. During exposura to non-terrestrial force levals, a
variaty of illusions occur during body wovement, the character of chese illusions reveals the oxistancs
of the sensory-motor calibrations that otharwise would not be recognized aw such (26,27,28,29,30). It
seens to us quite likely that the depsndence of the appsrent intensity of Coriolis stimulation on
gravitoinertial force level will bu related to these wide vanging funttional changes in sensory-wotor

uutib:ucian- as vall as to altcrations in the ceutral interpretation of putterns of wemiciroular cansl
activity.
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RISQUSSION F

BLES: We know you can motivate the vestibular Corolis effect by adding congruent eometosansovy .
stimulation in which caae you would diminish the effact, or adding imcongruent somatuvesensory stimula-
tion which may result in an eohancement of the Coriolis effect. I wonder, if it is possible in your

set-up to split out what the influence of the scwatosensory infoxmation is and what the influsnce of
the otolithic stimulation is?

LACKNER: The story vith regard to the influence of the otolith orgams in this situation is a
very complicated one; in fact, I think many investigators would have predicted just the opposite put-
terns of results that we have obtained. We have good reason for believing that in addition to the
changes in otolith activity there are ather factors that change during gravitoinertisl force varis-
tions in parabolic f£light, sud contribute to the patturns we have observed, a.g. the loading of the
head on the neck changes and tha patterns of wuscle spindle feedback from tha neck musculature are sl-
tared, We lmow, for example, that by vibrating neck wuscles to creste abnormal levels of spindle ac-
tivity wa can elicit illusovy changes in head posture. The point is that we have a sensory motor con—
trol system dynsmicslly calibrated to 1G and when we go into high force levels or fres fall wa are
altering much wore thau just the vestibulax recaptor system. In fact, skeletal-muacular ccwtrol aad
the proprioceptive and somstosensory systems are alsc buing modulated systematically.

MILLER: I kuow that you've also reported changes in the gain of the vestibular ocular veflex at
different force levels. Could you correlata that with the chauges you sas in susceptibility teo
crass-coupling?

P R S

LACKNER: The changss that we saw in cross=coupling would be in accord with the decreasad gain of
the VOR that we observed in free fall. ¥row this stendpoint the relative effuctivensss of a constant
pattern of angular acceleration would presumbly be diminished in free fall aund sugmented in 2G.

et

HAWKINS: I would like to ask sbout the influence of outside visusl refarance on the effsct of
Coxolis stiwmulation and the visusl confusion which may follow it. Fighter pilots in theirx combat
wanouvers frequantly wake large haad movements under very high forca levals. I racently sav a case of
s pilot who made u fairly gentle pull-up but with a completely empty visual field aud he couldn't same
his instruments for the next 30 to 40 sec, presusbly dus to nystagmus, He did not noticea any prob-
leus when he had a good cutside visual referanca. Did your subjects who were making head movements
while rotating have a clear visual vefarence or vere they shunt io a cabin aud unable to ses any out~
side horiron?

LACKNER: Our subjects wera blindfolded, In the case to which you refer, one would expact with
reduced visual referenca sud 1roll head movements to get & rotary nystugmus that would make it very
difficult for your pilot to maintain clear view of the instruments, whoxess with a full visusl field,
the wnystugmus wvould he much less: Fred Guadry described sn effect several ysars ago that he referred
to as the G excess illusion which I think is related to what you are describing. Xsssutislly in the G
exceass illusion the pilot is banking his aircraft sud there isn't wmuch angulax acceleration ilavelvad,
s0 there is very little cross-coupling during hesd wmovementa, but there is & grester then normal ¢
force and this would alter the guia of the vestibulo~ocular reflaex, producing rotary nystagmus and ap~
pareut deflection of tha instrument pavels during roll head mov.ments.
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GUEDRY: The oroms=coupled vector lies in the plans of rotation, Did the head movements of your
subjects iu parabolic flight iavolve trunk movement wo that a centripetsl vector was introduced? The
catripetal vector would be aligned with the cross-couplsd vector.

LACKNER: Wa have dome tha cross-coupling studies both with simple head tilts ia pitch, approxi-
mately 90" amplitude, and with full heed and torso pitch forward. The results ars very similar for
the two test situatiome.

JONES: Why is cross-coupled stiwulation o0 rars and so wunpredictable in  operational
high~parformance jet f£light, giveu the high-C euvirommant and the Frequent head wotions of the
alrxcrew?

s

LACKMER: I thiuk Fred Guedry knows mora about this issue than anyona else.

GUEDRY: Most waneuvors in sireraft do not iuvolve sustained high sngular velocity spins or turms
which are required to induca stroug cross-coupled illusory affects from hesd movements. Howevar, head
movesents made in a high~G £ield, 2G snd sbove, can produca disturbing illusory effecta often referred
to &8 G axcess” effects, possibly due to axcesasive fuadbuck from the otolith system in high-G fields.
This was shown in saveral studies in high-aspeed aircraft weaking level high-G turns st turn rates so
low that cross coupled stimulation of the semicircular canals would be negligible, yet illusory and
nauseagenic affects wers produced. Exparisnced pilots and sirorew undoubtedly lasrn “the feel of
maneuvers” and their anticipation of effects from heed movemsuts in high-G fields serve to rveduce of-
facts. Pnau also sometimes intellectually override such effects, e.g., #n experienced pilot xeport-
od a 20~30° noss down sttitude ss a vesult of a Lesd movement in a 20 field, but said that be was not
disoriented because he knew the true conditiom of the aircraft, which was in a leval bamk and turn.
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SUMMARY

10 normal subjects were exposed to G=foroe variations during parabolic flights and
turns in a SAAB Supporter aireraft. A vertical hoad drift aosomganied by & vertical eye
drift was recorded in all subjaots. The eye drift was most prominent during the hyper-G
phage of ithe parabolic manoesuvraes. Compensatory eye movements were induced by horizontal
head rotations. No statistiocal significant changes oould be demonstrated in this ruflex.
Horizontal oculomotor sacocades were induced with a visual distance of % 100, A aignifi-
cant inorease of the latency time ocould be demonstirated during the weightleuss phaso of
the parabolas. It is concluded that spontaneous eye and head drift and dgsturbancea in
voluntary eye movements might contribute to the development of motion plekness during
combat manoeuvros and space [flight.

INTRODUCTION

During aviation, opatial disorientation might appear whenever a linear accelsration
of the airoraft lnterferes with the perception of the gravitational force. Unexpesoted
and contradlietory sensory ouss might oause motion slokness. During space missions, the
froguent appearunce of spuce motion sicknsss not only affects the crew membor’s comfort
but interferes with their productivity and the wafety of the missions., The free fall
phase of parabolic flights is an important tool for the study of immedimte physiologi-
cal rouctionu to welghllesuness. Lackner & Grayblel (1) werse the first to roport on al-
teration of the galn of compensatory eyo movementws elicited by pansive rotation in yaw
during parabolic flights., Lator, our group (2) wan uble to demonsirate similar altera-
tlons in the galn of compensatory eye movements eliclted by voluntary horiuzontal head
rotations, In both gtudies, the gain deoreused during hyﬁogravity and inoreused during
nhypergravity. Bludworth ot al. (cited in 3) found that the gain of the vestibulo-ooular
reflex decreased both in hypo- and hypergravity. The aim of this study wac to obmaerve
whether opening of the oyes in darknoss affected the gain varlations caused by Gu vari-
ations. Further, we wighed to study 4« phenomenan reported by von Baumgarten et al. (4).
During rollercosster {light vertical nystagmus was observed, A vertical eye drift might
interfere with horizontal eye movements aund by that influence the results of studies of
horizontal sye movement phenvmena. By itself, a vertioal eye drift might contribute to
gensory oonflicts and cause spatlal disorientation and motion sicknoass. Vertical weyo
drift might be elicited by a head drift in theoppoesits directlon and serve aps & compen-
gatory measure to the head drift, Bsouwuse of that, we deolded to do wilimultaneocus recor-
dings of hoad and eye drift in piltoh.

In most studies dealing with eye movemonts in yaw and pltoh, electrowooulography
is tha method used for eye movemant recording. This teochnique 418 baned on Lhe exivtence
of the ocornvofundal electrical potentlal. Variubionus in tho intensity of 1light changes
thig potentlal and makes it mandatory to parfoirm calibrationes in iumediate relation wo
tho experiments. Callbration is performed by fust saccadic eye movements beitween light-
emitting dlodes. A disturbancoe of this voluntary eys movement reflox might contribute to
digorientation during varistions in the Uz forces. Our experimental setup made it easy
to evaluate this reflex in the pame prooedure. For thess reasons 1t became a ppecific
part of the present parabolie flight study.

METHODS

Ton subjeats with normal vestibular pretest were #elected for the experiments. None
of them were professlonal pillots, but nl§ subjecty had some experlence as padsengers
in swall airorafts. This qualification wes preferad to avoid anxiety remctions durin
the fli%hta. A SAAB Suigorter siroraft was zupplied by the Roywl Danish Air Force. IY im
dosignsted T-17, in dally aservice L1t 4 used au a training and reconnslaance airoraft.
It is a omall, two seated propeller driven alroraft well fit for aerobatioc manceuvres,
In each misaion three series of oconsecutive parabolas were interryptedby one minute 600
turnawith & oonstant G-load of two G. Uonvenlent pauses with straight and level flight
were interpolated between stressfull manoeuvres according to the subjects’wishes.
Horizontal and verticul eye movements wers recorded simultaneously by means of super-
fiolel pkin eleotrodes. DC-amplifiocation wes performed with a time constant of ten pe-
conds. Head movements in yaw and pitch were recorded by a angular veloolty sensitive de-
vice (Ratemeter) mounted 1n a firm head holder. i-load was recorded by a {inenr accele-
rometer. An lnstcrument tape recorder carried by the aireraft recorded the signals. The
subjects wore adapted to darkness by means of red glesses before and during the flights.
During the filrst gequence of five parabolus and ofie minute of two G load, the su~
bgootn were instructed to keep thelr eyes open behind a4 ocover and to keep their heads
8till. During the next mequence, the subjects performed horizontal head rotations guided
by an 0.4 Hz frequenoy modulated sound signsl presented tc a set of ear phones from a
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tape rocorder. During the third and last sequence, the cover was removed from the eyes
and the subjects fixed altornately activated red-llpght-emitting diodes. The duration of
each stimuluy was randomized. The visual distance betwoon the two dlodes was & 10° hori-
sontally. Fye movement calibration was performed by means of the same equipment.

After return Lo the laboratory, data were analysed off-line from the tape rscordings.
Vertienl eye movements appearsd in the form of verticel nystagmus. Fast components were
identified by a computer program and removed from the signal., Slow components wers cone
noctod with sach other by extirspolation. Compensatory eye movements were analysed ac-
cording to our laboratory proceduro described elsewhere (5). Results appeared as gains
and phapoushifts of the transfer function between head movement input and oculomotor out-
put. Latenoy times of sacocades were measured and the poak veloclty of the saccads compu-
bed from a digitanl differentiation of the oye sipgnal. Vertical head pogition data were
conputed by o digital integration of tho head velocity signal from the y-axis sensor.

The duratlon of all separate parabolas were almost exactly 10 =mec.

Vorticul oye und hoad drift:
Fig, 1 domonutrates the mean eye and head movement dets of sll ten subjects as an

average of all pnrabolas flown. The eye position data desoribe the eye drift in the di-

reotion of the slow phase of nystagmus, whonover nystagmus was present., This explains

tho offset betwoen oye position at time wero and eye posltion at 20 sec. The averaging

was triggered by the sudden transiilon from welghtlomsneas to high G-load, which appeared !

by pull-out from the parabola. 4

RESULTS i
1

Vertical EYE and HEAD Movemert
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Mgure 1. Average e{o drift in tho direction of the ulow nystagmle phuse and head '
position from 10 subjeots, 5 farnbolus each. Averayging is triggered by the transie
tion from weightlossnous to high (-load during pull-gut. !

All nubgoctu exhibited vertical upward beating (direction of the fust component) ny-
stagnus durlng high (U-load., The nystagmus ugpeurod within the firgt 1-2 aeconds of pul{-
. out, from the parabola and disapgoaréd with transition to welghtlessness in the next pa=
| : rabola. Careful examination of the originul recordings revealed very weak downward bea~
ting nystagmus during welghtlewsness in threv of tho ten subjeots. Ylow phuuse velooity
baing 2-3 9/pec, the nystagmus was too weak to be rsvognized as such by our computer
anulysls, .

epd movemonty wore apmooth, directed downwards during hypergravity and upwards du-
ring hyfo%ravity. This oonfiguration suggeusts that there is a aslmple connection between
the variations of the weight of the head snd the movementn. The head reaches it’s maxi- i b
mal speed iu the downward direction 2.5 sec after the maximal G-load. L

Gompensatory eye movements: i
Regults of the compensatory eye movement teot appear in tab. 1.
It’0 obvious that bthere isnodifference at all betweon galneg at 0 G and gaine at 1 Q.
The gain at 2 G 48 lower than the two other galnpe computed, though no statisticel signi-
) ficant difference can be demonsirated, grobability level being above ©0.05. Intreindivi-
; dual differences of phasenhifts are high and no statistical usignificant G-dependance can
|

be extracted from our results. Spesctral purity of the respouses ls lower in this experi- K
monts bhan those obtained under laboratory vonditions. This explains the high varlability. T




GA|N | PHASE
% | 0.3l -21,8°
—_ﬁ ———————————————
5010.20] 28.27 |
N 10 10

Table 1. Gain and phaseshift of compensatory eye mo-
vements induced by 0.4 Hz head rotatlons in yaw at
different G-loads. No statistical significant gif-
ferences can be demonstrated.

Results of saccedic eye movement tests appear in tab. 2.
06 16 26

LAT, TIME | PEAK VEL., LAT TIME | PEAK VEL, LAT, TIME PEAK VELL
X 261 msec | 374 %/sec 227 msec 356 °/Bec 237 msec 347 °/sec
00 21,5 meec | 27,0%/sec | 22,8 moec | 21.07/sec | 28.6 msec | 33.1%/sec,
N 9 9 9 9 9 9

Table 2. Latency time and peak velocities of horizontal rendomized sacca~-
des with an amplitude of % 10° at different G-loads. Ttaliciued figures
are statistical significantly different at a probability level below o0.05.

It appeared from tab. 2., that only nine subjects contributed to the results. One of
the subject followed his own rythm during flight tests and was omltted <£from the materisl.
Latenoy times at O G are significantly longer than latency times at higher G. A tendenocy
to highor peak velooities at weightlessness ia nnt statlatically sigaificant.

DISCUSSION

Vertleal head drift was measured in relation to the earth vertical, we did not do any
efforte to subbract the flight profile in order to achleve s measurement of movement in
pitch in relation to the alreraft. Flight profile is almost reotilinear, except at maxi-
mal and minimal altitude, If the ratemeter recording only desoribed the flight profile,

a distinct mininmum and maximum would be expected at 5 and 15 sec rsapectively. The verti-
cal semlcircular canals responds to angular acocelerations relative to earth vertileal.
From u recording of rotational rate relative to the airoraft, it would be diffieult to
predliot canalicular vestibular responses. The velocity of ‘the head in pitch is almost exac-
tly in phase with the G-load. Thig allows us to conclude, that the head movement is a simple
congequence of the variations of the weight of the heamd. The position of the sudbject in
the seat with the head bended a little forward explains the direction of the movementa.

Movements of the head in pitoh will induce compensatory eye movements in the pame a-
xis. Howsver, the oyo movements recorded are not compensatory to tho head movements and
ere congequently not caused by the hend movemsnte. von Baumgarten et al. (4) conclude,
that vertical nystagmus during gravity changes ig oaussd by a central misinterpretation
of vestibulsr information as belng cvuuged by involuntary forward or backward 41lts. In
both cases the utricular receptors would signal a change in the direction of the gravi-
ty load. A signal reporting a change of the size of the gravity vector must be substan-
tial different from that., Compensatory eye movements durlng free fall or during 4Gz ac-
celration should heve an upward and downward direction respectively. For that reasson, we
conclude, that the nystagmus rocorded ig a relevant central interpretution of a vestibu-
lar signal caused by variations of the Gu-load on the utrioular receptors. We are unable
to explain the non-linearity of the responss, the hypergravity response bolng much stron-
gor that the hypogravity response. In a recent paper, our group has shown that the gain
of the compensatory eye movement response to head rotations in yuw varies proportionally
to the G-load (2). As disocussed bolow, we were nol uble to confirm this observation in
the present study. Nevertheless, tho behavior of the vertical eye drift might be caused
by the effects of varying gravity load,

The results of the oompensatory oye movement studyare difficult to explain in view of
the findings from a similar study performed one year before the prement study (2). In our
first study, subjects pertformed head rotations with their esyes closed, in the present ex~
periment, eyes were open bubt covered. All other variables were kept constant. Even the pi-
lot was the same in the two experiments., Four subjects participated in both studies and
their regults perfectly reflect the different conclusions of the two experimento. Abso-
lute gain values were on average 19% higher in the present study. This difference is sta~
tistically significant. In the first study (2) a signifioant G-dependence of the gain was
demonstrated ss mentioned above. Gains were 8.5% lower at 0 G and 17% higher at 2 G. The
study confirmed the findings of Lackner & Grayblel conocernlng the ooculomotor response to
passively induced head rotations. In a recent artiole Lackner & Grayblel (3) quote Blud-
worth et al. in a yet unpublished work for having found gain to be deoreased during both
free fall and at two G force levels, Our experimental design foroes us to conclude, that
the quantitative and qualitative differences betwesn the resultes of our two experimenta
are ocaused by the difference in the state of vision in the two experiments, closed eayus
in the firet and open syes behind covers in the prosent.

The disturbance in smccadic oye movements demonstrated is statistically significant. Ite
doubtful whether it can be coneidered of any signifiocance in aviation or space missions.
Somebody might clainm thataunincreased reactiom time could ba dissstrous in high performance
fighter combats, but usually negative G-forces are avoided under these circumatances. In
the neurologleal clinical praotice, disturbances in sacoadio funotion are interpruted us
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a sign of brain slem leslon, Indeed, no such lesion was present in the sublects. Our
knowlodge of brain stem circulaiion 1s rather irgufficient. Nevertheloss it seems pro-
bable that the minor impairment of saccadic function seen in this study could be caused
by an impairment of brain stem circulaetlon due to the redistribution of blood volume du-~
ring weightlessness, Further experiments are needed to shed light on this phenomencn.

Tt was obseved that fixation during saccade tests stabilized eyes in a way that no
vertical eys drift could be seen. Head drift disappeared aa well.

A1l together, vertical eye drifi, vertical head drifi, changes in the gain of com-
pensatory eye movements and disturbances in voluntary saccadic eye movements might cause
me jor disturbances in visual function under flight conditions with shrinking and reexpan~
gion of the gravitational vector. The disappearance of eye drift during visual fixation
emphasizes the importance of the state of visual funetion and no other concluaslon concer-
ning oculomotor functlion during changes in G-vector size can be drawn, ‘than lots of fac-
tors might influence funchbion in a way that makes visual f£ixatlon ability the crucial

factor.

CONCLUSIONS
Following conclusionsure drawn from this workt

I Hypergravity induces a spontaneous downwards directed eye and head drift.

II: Hypogravity induces a spontanocous head drift upwards. An eye drift in the
same direct® n 38 less pronounced and only present in aome individuals.

II1: The above mentloned phenomena disappeared with visual fiaxtlon.

iV: Eye opening behind a cover increased the gain of compenpatory eye maove-
ments and made the response less sensitive to gravitational changes coum-
pared to results obiamined with eyes closed.

Ve Latency tiume of saccadic eye movements is prolonged during short periods
of welghtlessnesa.
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RLSCUBSION 3

VON GIZRKE: In your papsr as well as in the previous paper by Professor Lackner I wonder if mot A

the dynamics of the G-time history has to be taken into account. It appesrs as if in the parabolic
sero G flights the osciilations i.e, the period betwaeen serc G snd maximum G loading is io the order
of 10 to 100 seconds. That is, according to staady stste laboratory experimanis, the frequency range
of maximum vestibular respouse and wotion sickness semsitivity. A statment of iccreaned mmplifica-
tion at 2G should probably be qualified as occurxing at 2G peuk values at the particular oscillation

frequancy. Do you agree thit the dynsmics of the G exposure must be statad, smalyzed and taken into }
account? That the frequency might be just as important as the G amplituda? a

VESTERHAUGE: Yas, I agree with you. It should be stated that the expariments were performed at

a relatively high C-lomd frequancy (sbout 0.05Hz) compared to other axpariments with longer duratiom i
of weightlessnass.

VON BAUMGARTEN: I find it very importsnt to look at the firet push over and the f£irst pull-out
bacause if you do roller-coaster flight you come into a psttern of your subjects santicipating the next
move of the alreraft; especislly in the small aircraft, the parabolas are 5 or 10 sgc. 1 ses from
your diagrams that you did the same thing. You said that head movemants vere caused by simple mechan~
ical forcas on the hesd. That's & posaibility, Ws have not seen thess vertical head movements for
tha reason that we worked with restrained heads in our studiss. I would have explained them as & ves~
tibular reflex, We know there is head nystagmus of some patients io the same direcction as the eyes
flick and if you put someons on the Barany chair snd accalerste him he moves his chin agaiust the
direction of rotation; and if you rotate him about the Y axis, I would also expect z hesd movement.

VESTERHAUGE: 1'm happy you say that becauss we believe it might be a vestibuler reflex as wall.

But it's very difficult to prove that it's not just a consequence of the weight of the head changing
with acceleration variations.

VON GIERKE: I have 20 question, just & comment to the last discussion. In 2G, you kuow that the

spinal column is compressed, you must expect head motion botwean 0G and 2G of more then sa inch,
That'~ just spical dyosmics.

RESCHKE: We have sleo dons sceie very similar thiungs during parsbolic flight. Did you notice &
lot of wvaristion in ths individusl subjects iu tsrms of the gain and phase in the sye movements both
in vertical aund horizontal? TYor exsmpls,vers tners differsut psttarns? Overall, genexrslly what we
found with the horixontal canal stimulation was that during 26 and OG there was a decraase in the gain
and phase. However, with the vertical canals we found an incressed gain in 2G and a decressed gain in
0G relative to 1G but this was s general pattern. Nouna of it vas ststistically ocignificant and every n
subject sassed to bave their own typs of pattern although you <could begin to group theme 1 was
wondering if you perhape find the seme thing?

VESTERHAUGE: I would agres with you that theare is quite & lot of veriation in the dats espacial- I ;
ly in the last exparimsnt where I reported about compsnsatory eya movemsnt. We had quite a lot of + N
varistion dut the varistion was much lass with wyes closed than with ayes coversd. We had the same
experiente in the laboratory that these experiments are batter done with the syes closed bacause
rusponse variation is less than with the eyes open in darkness. I don't know why.
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PREDICTION OF THE SPACE ADAPTATION SYNDROME

M.F. Reschke, J,L. Homick, P. Ryan and E.C. Moseley

NASA~Johnson Space Center
Houston, Texas

INTRODUCTION

Results of Skylab (1,2) confirmed that approximately 25-60 percent of individuals exposed to micro-
gravity develop some degree of space motion Sickness during the first 36 hours of space flight, Cur-
rently the incident of sickness during the Shuttle flights has exceeded this level (3). Realizing the
potential operational impact that this difficulty in adapting to microgravity might have on continued
Shuttle missions, NASA has mounted a considerable effort to treat, predict, and explain this space
adaptation syndrome, Among these efforts was the development of facilities at the Johnson Space Center
to produce motion sickness symptoms from a variety of provacative tests. One of the resylts of this
effort has been the development of a normative data base where a number of tndividuals have been exposed
to each test, making it possible to look at the interrelations of these various tesis, as well as, to
begin to evaluate thelr usefulness in prediction.

Prediction, either for practical purposes or heuristic motivation, has been an objective in the re-
search of motion sickness. A variable approach, ranging from the use of gquestionnaires (4-11), psycho-
dynamics or personality traits (11, 12-22), vestibular function tests (11, 23-39), physiological corre-
lates (11, 40~62) and tests in specific nauseagenic environments (11, 63-72) has been directed toward
the question of who will experience motion sickness, under what conditions and to what degree. More
often than not, the correlations obtained between motion sickness and the selected predictors have been
statist}c:}}y significant, but low in magnitude and of no practical purpose in establishing predictive
susceptibility.

The Neurophysiology Laboratory at the Johnson Space Center is currently tasked with identifying a
nieans of predicting what has been called either space motion sickness or the space adaptation syndrome
for the purpose of applying possible countermeasures. Historically, efforts to predict space sickness
have not been encouraging, and have been hampered frequently by limited access to the astronaut popula-
tion and the small number of crew involved in spsceflight. Individual variations in preflight exper-
iences, medications, inflight tasks (i.e., mobility) and personal strategies for symptom inanagement have
further compounded our efforts.

Realizing that no single test or battery of tests will yield a prediction index of unity, we have
opted to assign a probability value to mo%ion sickness generated in variable accelerative environments,
To accomplish this objective, we l.ve accessad the large non-astronaut motion sickness data base
mentioned above. The objectives of this study are: 1) To describe the univariate and multivariate
relatfonships of the currant battery of provocative and non-provecative measures used by our laboratory;
2) To develop and cross-validate sets of 1inear equations that optimally predict motion sickness using
predetermined sets of tests; and 3) To determine the {inherent properties of the various tests in a
muitivariate setting so that redundant’ and/or ineffective tests could be eliminated,

METHOD

Tests for aotfon sickness susceptibility and vestibular function used in this study included: 1)
the Cortolis Sickness Sensitivity Index; 2) an off-vertical rotation test; 3) a sudden-stop test with an
optokinatic stimulus; 4) a sudden-stop test without an optokinetic stimulus; 5) a staircase velocity
test similar to the Coriolis Sickness Sensitivity Index; 6) motion sickness susceptibility during para-
bolic flight; 7) tests of Vestibular Ocular Refiex phase and gain; and 8? Postura) ataxia measurement.
In addition to these tests, the subjects were administered two questionnaires. The first questionnaire
was designed to obtain 2 motion experience and symptom history, while the second was an immediate pre<
test questionnaire to assess health and drugs used during the 24 hours grior to testing. Age and gender
(and for the female population, menstrual cycle) ware alsc obtained with this questionnaire. Two multi-
variate statistical methods were used to meet the analytical cbjectives of this study . Firstly, a
factor analysis was completed to describe the interrelations of the variables between the different
tusts, and to reduce the dimensianality of the variables. Secondly, Multiple Discriminant Analysis was
used to develop and cross-validate optimal weights for aach variable.

Subjects

A1l subjects in the normative data base had passed an Air Force Class 11l medical examination, and
where required for parabolic flight, had completed a course in physiological training for high altitude
survival, In addition, prior to any test or set of tests, all necessary documentation requived by the
NASA-Johnson Space Center Human Research Policy and Procedures Cammittee were submitted and approved.

In this study, a total of 159 subjects, 121 male and 38 female, were drawn from the normative data
base. Their ages ranged from 19 to 68 years. Critaria for selection from the normative population was
based on exposure to parabolic flight and completivn of substantially all of the tests curvently usod in
the laboratory, With the exceﬁtion of parabolic flight, if test results were missing for any subject,
mean scores were inserted for those individuals, This data treatment was used with less than 24 of the
total study population, and {n no case did any one subject have more than one set of scores missing,
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Tests

Coriolis Sickness Sensitivity Index (CSSU Test)., The CSSI test assessed an individual's suscepti-
bility 10 crosS coupled angular acceleration and conflicting sensory input primarily frum the semicir-
cular canals and statotoliths using modified procedures described by Miller and Graybiel (73, 74). The
test was repeated at different velocities as required for each subject. The repeat tests were used to
determine a stable endpoint at the MIII level of malaise (8 or more symptom points). The test was
implemented using a 100 1b/ft torgue rotator-chair assembly, With the subject blindfoided and seated in
the upright position, the chair was accelerated at 6°/sec? to a terminal velocity (up to 30 RPM} pre-
determined by the results of the Motion Sickness Experience Questionnaire, While rotating, the subject
executed standardized head movements in each of the four cardinal directions (Sequence: front, right,
back, laft), Head movements were performed in sets with each set consisting of five head movenents ?the
front movement performed twice). Each set was separated by a 20 second period of no head motions. Sub~
Jects were questioned during these 20 second periods for signs and symptoms indicative of early motion
sickness. The test was terminated when either the MIII level of malaise was achieved or 160 head move-
ments {30 sets) were completad.

Prior to deacceleration of the chair, the subject was instructed to report any sensation of rever-
sal in the rotational direction aq? to mark the moment he felt that he had come to a complete stop. The
chair was deaccelerated at 6°/sece until it reached 0 RPM. When the subject reported the onset of the
reversal sensation, the test operator began timing tith a stop watch. Timing was ctopped when the sub-
Ject reportad no sensation of movement. This time was referred to as the reversal sensation time aund
was recorded in units of seconds.

Off-Vertical Rotation (OVR Test), A modified version of the off-vertical rotation test which pro-
videsa rotating Tinear acceleration for otolith stimulation, initially developed by Graybiel and Miller
(28, 75, 76), was administered using the 100 1b/ft torque rotator-chair assembly employed for the CSSI
test. Subjects were blindfolded with dark, 1ight occluding goggles that permitted the eyes to remain
open, and restrained in the chair with Yap, shoulder and leg straps, The head was restrained with pads
at the base of the skull and a strap around the forehead. With the subject in the u?ri?ht position, the
chair was accelerated at 6°/sec? to a terminal velocity of 20 RPM and rotated at 0° t{1t for five min,
Following stabilfzation at 0%, the angle of tilt was increased in 5° increments at 5 min intervals,
buring rotation, the subject was questioned for symptoms indicative of early motion sickness. The test
was tfyTinatediwhenithe subject reached the MIII level of malaise or the chair had been maintained at
30° t for five min.

To terminate the test, the chair assembly was returned to 0* tilt, and maintained at 0° ti%t for
qpprox1mate1y 1~5 min to allow subject stabilization., The chair was then deaccelerated at 6°/sec? to 0

HPM.

Sudden-Stop Test {SST). The sudden-stop procedure (eyes opan), a vestibulo-visual test, was admin-
istered using a mo ad version of the sudden-stop test deve1opeJ by Lackner and Graybiel (64). The
test was implemented with the same chair, rotator and restraint system employed for the OVR and CSSI
tests. Visual stimulation was provided with an optokinetic field (dark blug cloth dvum) which surround-
ed the chair, Vertical white stripes at 60" intervals on the drum ran from floor to celling. The white
stripes substended a %1sua1 angle of 1.74%, With the subject 1n the ugr1ght position, the chair was
accelerated at 20°/sec< to a terminal velocity of 50 RPM and maintained at this velocity for 30 sec., At
the end of 30 sec, the chair was deaccelerated at 150°/sec® to a complete stop and maintained at zero
velocity for 30 sec. This profile, representing one trial, was presented to the subject eyes open a
maximum of 40 times. The direction of rotation remained constant for 20 trials and was reversed for the
subsequent set of 20 trials. After each trial, the subject was questioned for symptoms indicative of
motion séckness. The test was terminated when the MIII level of malaise was achieved or 40 trials were
completed,

The sudden-stop test (eyes closed) was conducted following the same procedures defined above with
the exception of the visua) stimulation. In the eyes closed test, the subject was blindfolded ..th
dark, 1ight occluding goggles.

Stafrcase Velocity Motion Test éSVMT). The Staircase Velocity Motion Test (SVMT) was used to
assesS each an individual's suscep [¥ to motian sickness with a modified Coriolis Sickness Suscep-
tibility test procedure in which the cross-coupled angular acceleration experienced progressed from low
level to maximum stress stimulation.

Rather than a single fixed constant velocity, a staircase velocity profile was used., The test was
performed with the 100 ft/1b torque rotator-chair assembly. Before the rotator was started, the subject
was restrained in the chair with lap belts and foot straps. The rotator was then accelerated at
6*/sec? to an inftial velucity of 1 RPM,

With eyes blindfolded, the subject executerl standardized head movements in each of the four car-
dinal directions, These head movements were pcrformed in sets, with each set consisting of five head
movements (front, right, back, left, front). Each set was separated by & 20 sec period of no head
motions, The rotator velocity was then increased in 2 RPM steps, with 40 head moveménts being performed
at each velocity step, until the Malaise III endpo’-* nr a terwinal velocity of 35 RPM was reached. The
number of head movements, RPM Tevel and symbtoms when the Malaise 110 ondpoint was reached were
recorded, and the rotating chair was deaccelerated at 6*/sec? to a complete stop.

VOR. The VOR test was designed to ohtain ocular .ystangnus gain and phase elicited via sinusoidal
angular acceleration from the horizontal semicircular canals and associated CNS structures, Five dise
posable pregelled infant electrodes were used to record the nystagmus. Prior to clectrode placement,
the skin was cleansed with an iscpropyl alcohol wipe. Electrodes were placed at the outur canthus of
each eye, on the center of the forehead (ground), centered above the right eye, and centered below the
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left eye. Impedance measurements were recorded using the ground electrode as reference, and electrodes
with greater than 10k ohms impedance were replaced. The subject doned red filtered goggles following
the elactroding procedure for a 20 minute dark adaptation period. Upon completion of dark adaptation,
the subject was seated on a 30 1b/ft torque rotator-chair assembly. For calibration purposes the sub
Ject was instructed to visually track 2 alternately flashing LED's located 5 feet from the subject's
forehead. These 11ghts substended a visual angle of 10°. When the eye calibration measurement was com-
pleted, the red goggles were veplaced with dark, 1ight occluding goggles, A1l measurements were obtain-
ed with the eyes opened beneath the 1ight occluding goggles. The subject's head was ventrofiexed 30°
and held in place with a biteboard attached to the chair,

White noise was provided through headphonas, placed over the subject's ears to eliminate auditory
cues in the test room. Yhe rotator was computer driven at five separate frequencies one octave apart,
ranging from 0.01 to 0.16 Hz. Peuk velocity was 60°/sec at all frequencies with acceleration ranging
from 3.8°/sec at 0,01 Hz to 60.8°/secd at 0.16 Hz. The subject was given mental task exercises to
enhance alertness during nystagmus recording. Upon completion of ail test vonditions, the light
occluding goggles were replaced with the red goggles and a post test eye calibration was performed using
pratest procedures.

XC-135 Static Chair Test. The KC-135 static chair test assessed an individual's susceptibility to
motion sickness during parabolic flight. The KC-136 aircraft was flown through a series of parabolic
maneuvers (typically 40 parabolas per flight) with each parabola comprised of 24 sec of weightlessness
and 30-60 sec of a 2-g pullup,

Subjects were secured in a passenger seat aboard the ajrcraft using the availabla seatbelts. The
subject's head was immobilized using o soft neck birace. Dark, 1ight occluding goggles were positioned
over the subjects eyes to eliminate visual cues. Symptoms of motion sickness were reported after each
parabola to the test operator. A symptomn tally or score sheet was maintained for the duration of the
flight. Oue to the nature of this test, subjects were not removed from the provocative stimulus regard-
less of symptom laevel,

Postural Egu111br1qn. Postural equilibrium was tested by a modified and shortuned version of a
standard Taboratory method developed by Graybiel and Fragly (77). Metal test rails of four widihs,
1,90, 3.17, 4.45, and 5.72 cm (0.75, 1.25, 1.75, and 2.26 in) provided the foot support for the subject
during this tests. Each subject was fitted with military type shoes to standardize footwoar.

Time, the measurement of balance, began when the subject, while standing on the prescribed support
with his feet in a tandem heel-to-toe arrangement, folded his arms ecrass his chest, The eyes remained
open in the first test series, In the second series, the time measurement was initiated after the sub-
Ject attained a balanced position, folded his arms and closed his eyes.

During the test session the initial rail width for testing with eyes open was typically 3.17 em
(1,25 in), Three test trials with a maximum vequirad duration of 50 sec each were given., If a cummula-
tive 100 sec score was reached on the first two trials, a third was not performed. A perfect scora was
10U sec. If the subject failed to obtain a perfect score, the two lar?est time values for the three
trials was summed to obtain the final score, The choice of the second rail width depended upon the sub-
Ject's score on the initial support width, If the score was greater than, or egual to 80 seconds, the
next smaller support width was used; if this score was less than 80 seconds, the next larger support
width was used, Testing on a third rail size was required when both of the two previous support widih
scores fell either above or halow the 80 seconds performance level, Testing with eyes closed followed
the same procedure except that a larger rail support, 5,72 cn (2.25 1in) was typically used first. Eyes
closed tests always followed testing with eyes open, A1l tests wore conducted with normal) )aboratory
illumination, and the subject facing a blank, white wall.

Variables

From the tests and questionnaires described above, 27 variables were derived and used in the data
analysis, The 27 veriables were further broken down into 24 test variables, and three criterion vari-
ables, Of the 24 test variables, 6 variables were obtained from the judgment of three raters who
assigned individual subjects into categories of motion sickness. The test variables were used to
predict the criterion variables,

Last Variables

The 24 test variabies included the subjects age and gender, as well as, three variabes each
from the CSSI test, SSTEQ, SSTEC and SVMT, Two variables each were derived from the OVR and RAIL tests,
and four from the VOR. For the CSSI test the three variables fncluded: 1)C3SC, the subjects' MIII
score; 2) CSR(n), the susceptihiiity level assigned (i.e., severe, moderate low) by one of the three
fndividual raters,; and 3) CSCEN, the value which indicatad whether or not the subjact reached the MIII
egdp?int in the CSSI test. If an endpoint was obtained 2 score of O was assigned and 1 if It was not
obtained, )

The three variables derived from the SSTEQ test included: 1) EQSC, the score or number of
stops at which the MII1 level of malaise occurred; 2) EOPTS, the number of symptom points attained at
the conclusion of the tasts; and 3) EOR(n), the susceptibility level assignod by one of the thres indi-
vidusl raters, The same three variables obtained from the SSTEQ test were used for the SSTEC test.

For the OVR test the two variables used in the anzlysis were the OVRSC and the OVR{(n). OVRSC
was the score each subject obtained an the OVR test, This score reflected the time in minutes at which
the MITL level of malaise occurred. OVR(n) was the susceptibility level assigned by one of three
raters.
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For the staircase velocity motion tests (SVMT). The three variables included 3VHM, SVPTS and
SVR(n). Variable SVHM equaled th2 number of head movements completed when the MII1 level occurred.
SYPTS equaled the total number of symptom points accunulated by the end of the test, and SVR(n) was the
lavel of susceptibility assigned to 2 particular individual by one of the three raters.

Variables EORAIL and ECRAIL were obtained from the posture test, EORAIL equaled the score
attained during the eyes open postural ataxia test on the 4.45 cm rail width, and ECRAIL thst socre
attained with the eyes closed and standing on the 5,72 cm rail,

The four variables attained from the VOR measurements reflected phase and gain at two fre-
quencies, VORPL was the phase angle at 0.01 Hz, and VORPS the phase at 0.16 Hz, VORGl was the gain of
the nystagmus at 0.01 Hz, and VORG5 the gain at 0,16 Hz.

Criterion Variables

Bacause of the only microgravity experience of the normetive population that could be equaled
with the astronaut population is obtained during parabolic f11%ht. the motion sickness response to these
fiights was usad as the prediction criteria. The three varfsbles selected from parabalic flight consis-
ted of: 1) KCPTS, a variable indicating the parabola at which the MIII level of malaise occurred and
vhether or not the subject vomited; 2) VOMIT, whather or not the subject vomited regardiess of the para-
bola at which vomiting occurred and 3) KCR(n) the category of susceptibility assigned an individual
based on one of three raters judgment,

Rater Variables

Tha variables CSR{n), OVR{n), EOR}n). ECR(nz. SVR{n), and KCR(n) were al) obtained from three
independent raters. The three raters were fumiliar with each of the 6 provocative tests associated with
these varfables (CSSI, OVR, SSTEO, SSTEC, SVMT and KC-136), and were told to group the subjects used in
this study into three groups of susceptibility for sach of the tests. To do this, cach rater was pre-
sented with a frequency histogram for each of the 6 tests. Figures 1-6 show these histograms, Each
histogram {s based on the frequency of sicknass for the entire normative population . Figure 1 shows
the frequency of the MIII score for this population, Figure 2 shows the test duration of the OVR,
Figures 3 and 4 are the completed stops for the SSTEQ and SSTEC test respectively, Figure § indicates
the number of head movements completed for all subjects on the SVMT, and Figure 6, the parabolas flown
prior to reaching the MIII level during parabolic flight.
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Using the frequency histograms each rater grouped subjects intc one of three categories of
susceptibility. 8y prior agreement the levels of susceptibility were identified as low to nonsuscept-
ible, moderately susceptible or severely suscepiible, Later thue categories for parabolic flight weru
further reduced to VOMIT or NO VOMIT.

The relaticnship batween each of the three independent raters was so high that only the rating
from one of the three was included as the final variable for data analysis purposes.

Jata Analysis
Descriptive Analysis

The first step of the data analysis was to try to understand the relationship between var{-
ables and to reduce the dimensionality with 1ittle or no loss in information, Yo accompiish this goal,
the multivariata statistical method of factor analysis (783 was appliied Lo the 27 variables shown in
Table 1. This analysis used all of the variables on 169 subjects and was completed via a Digitsl Equip-
ment Corporation Computer (VAX 11/780) using a commarcial statistical software package (79). Criterion
variables were inciuded in the factor analysis to observa the degree of relationship the KC-135 crite-
rion had with other variables.

Initially, the factor analysis comguter program calculated the means, standard deviations, and
intercorrelations using the scores from each of the 169 subjects. The intércorrelation matrix was a
quantitative reprasentation of all possible 378 relationships., The next step in the factor analysis was
to raduce the dimensionality of the intercorrelation matrix by determining a smaller matrix (the Factor
or F inatrix) where aach column represented 2 dimension that was {ndependent (1.e., orthogonal of all
other colums and each row contained a correlation coefficient (or factor loading) representing the
var{ables relation to the dimension. Dafinitions of the dimension {or columns in the factor matrix)
were made by noting which variablos had the highest correlation in the column, If more than ona vari-
able was correlated (or “lcaded") on a particular dimension, then only the variable with tha highest
correlation was used in subsequent predictive analysis. This process assured that all major non-redun-
dant sources of common variance were included in the predictive analysis with a minimum number of vari-
ables and that the most representative vuriables were chosen, Mathematically, the factor analysis con-
sisted of calculating the elgenvalues and eigenvectors of the intercorrelation matrix (R) and then cal-
c$lat1ng a matrix F such that FF'«R, where the diagonals of R contained the squared multiple covrala-
tion,

Decause the squared multiple correlation used in the study was a maasure of what each variable
had in wommon with all other variables, the process explaihed all of the common variance, Those vari-
ables that had a ralatively Tuw squared aultiple correlation were not discarded from subsaquent analysis
since they had some unique variance that could have been useful in prediction.
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In short, the factor analysis was used not only to describe the variab’es but assisted in the
selection of variables for the predictive phase of the analysis.

Predictive Analysis

In trying to access differences between groups for predictive purposes, it was obvious they
varied {n many ways and therefore required some form of multivariate statistical) analysis, It has been
noted (80) that the reduction of multiple measurements to a single weighted composite is the key to much
of multivariate analysis, This is particularly true 1n discriminant function analysis., By assigning
appropriate weighting coefficients, multiple correlated measurements could be converted vo a single
score thus reducing the mutlivariate problem to a unfvariste one, In 1936, Fisher (81) considered the
problem of determining a Yinear combination of variables that would, better than awy other combination,
discriminant between two chousen groups, By better discriminant he specifically meant the ratio of
between groups viariance to within grouﬁ varfance (i.e., the familiar F ratfo in analysis of varfance)
would have a larger value than any other linear function of the same variables, Fisher called this
gptimal linear combination the discrimfnant function. Other statisticians, especially Rao (82, 83)
independently extended Fisher's wark te more than two groups showing the procedure was mathematically
optimal, and that after one linear combination was calculated successive optimal linear combinations
(called multiple discriminant functions) could be extracted from successive resfduals. Mathematicaily
this invelved finding the eigenvalues and elgenvectors of a matrix BW=L (or & matrix of ¥ ratio) where B
was the between group matrix and W was the within group matrix, in contrast to factor analysis where the
K matrix was used, With this accomplished, 1t became possible to examine the relative merits of each
variable at each step and discard those variables that did not add appreciably to the prediction,

With this method, guantitative and quatitative criterion groups ware identified on the basis
of actual motion sickness responses to the KC~136 flights, Groups identified were no-vomit, vomit; low,
moderate, or severe sickness; and sick or not sick, Using stepwise multiple discriminant analysis (2},
predictor variables were differentially weighted to optimally predict the criterion of susceptibility.
Each {ndividuals scores or ratings on the predictor variables were multipiiad by the appropriate weight-
ing coefficient for a particular group and then summed to get a single composite score for the group,
Individuals were than assignod to the different susceptibility groups for which the composite score was
highest, Psrt of the subjects were used to develop the weighting coefficients and part were used to
cross-validate the predictions.

Prodictor variables 1n this study initially consisted of the first 24 vartables shown in Tabie

1. For one phase of the discriminant analysis &)1 variables were used, The fina) set of discriminant

:nalyﬁis ufi ;zad 9 variables that were the bast “marker® varfables for each of the factors in the
actor analysis,

1deally, we would 1ike to have data on each of tha tests so that we could have rated astro-
nauts responses to Shuttle flights und detarmine the degree to which the developed equations would pre-
dict inflight responses, Unfortunately only the CSSI has been given preflight to all Shuttle crowmen.
With this in mind, a11 189 subdects were used to develop weighting coafficients for age, sex, and CSSI
scores to ?red1ct Tow, moderate, or severe responses to the KC-13b flights. A1l crewnan for the first
nine Shuttle fiights ware rated in terms of the inflight sickness they actualiy experienced, A1l crew-
man's age, sex and CSSI scores were then inserted into the oquations ond assigned to the group (low,
moderate, or severa) for which the composite score was the highest. These results warg then tabled to
calculate the percent correctly assigned.

In short, by app!zing the method of stepwise multiple discriminant analysis to a random sample
drawn from the data base, the objective was to:

1) establish equations for group with different levals of susceptibiifty
2) use the equations io predict motion sickness
3) delete those variablus, where possible, that did not contributs to the prediction
4) cross-validate the coefficients by using the equations to assign new randomiy drawn norma-
tive subjects to susceptibility groups and determining the percent of “hits* and “misses
" 8) ggqlg the method to the currently limited inflight data to determine the lavel of predicti-
Y.

RESULTS

Shown in Table 1 are the means, standard deviations, and intercorrelations of 27 variables. Al-
though three ratings were colldcted for each of the provocative tests, only one rating was used for each
variable in the factor analysis since the ratings wara so highly corralated with each other. Yhe avers
age inter-rater veliability for the CSSC, OVR, SSTEO, SSTEC, SV, and KC-136 was .08, .95, .94, .88, .98,
.91, and .89, respectively.

Table 2 shows the ratated factor matrix with the squared multipie correlation of each variable with
a1l other variables shown in the last column. The highest correlation (or factor Yoading) in each
column has been underlined to highifght it as the defining variabla, Each column represants a dimension
and each valug 1n the row is the carrelstion (or factor loading) of the variable with the dimensicn.
The last row across the bottom gives the precent of common variance associated with that particular
dimension (or column), The rasults indicate that nine dimensyons account for all of the common variance
as$0c1ated with the 27 variables. Figure 7 provides a pictoria) view of the results of the factor anal-
ysis.
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Results of the attempt tu predict and cross-validate the degres of susceptibility to KC=135 para-
bolic flights are shown in Tables 3 and 4. Subjects were selected at random to develap the eguations
(1abeled “original cuses"‘ and the remaining cases (labeled “cross-validation cases“& were classified
using the equations, Table 3 shows the means and standard deviations for each of the susceptibility
groups (low, moderate, and severe) for both the original and cross-validation samples. Table 4 shows
the discriminant function welighting coefficients devalcped from each of the original cases in Section
I.  Section 1I of Table 4 shows the results (in terms of numbers and parcent} of applying these
coefficiants to each of the original sample groups. Subjects were always predicted to be members of the
group that had the highest weighted score for the subject. For exswple, the low susceptible group
actually had 48 cases but 7 of thase cases had a higher welghted composite scere using the coefficients
for the moderate group and were therefore predicted (in this case, misclassified) to be in moderate
roup. Notice 1f the results were perfect, all casas would have been on the diagonals. The results

rdicated correct prediction on the original cases of 69, 50, and 61 parcent for the low, moderate, and

savere groups, respectively, The total carrect for the origina) sample was 64 percent, Finally, Table
4, Section III is identical to Section Il axcept the equations were applied to the cross-validation
sample, These results showed correct predictions of 59, 60, and 40 percent, raspectively, with the
total correct drupping to 50 percent for all three groups,

Tables 5 and 6 have the same information and are set up similar to Tables 3 and 4, except the pre.
diction 1s simpiified to predict {f the individual will or will not get sick rather than the degree of
susceptibiiity. In this case, 58 percent of the not-sick and 63 percent of the sick were correctly pre-
dicted for the original samples for a total correct of 60 percant. On cross-validation, 67 percent and
70 perfent of the not-sick and sick respectively were correctly predicted with a total corrvect of 68
percent.

The finat tables (Tables 7 and B) are similar to the others, except the attampt was to pradict no
vomiting or vomiting on any of the parabolic flights flown. For the origina) cases, 64 percent of the
no voiit and 89 percent of the vomit cases wero corractly categorized for a total correct aof 74 per
cent, Ou cross-validation, tihis reduced to 61 percent and 58 percant for a total correct of 60 per-
cant.  For each cross-validation subjects, two welghted scores were calculated by multiplying his
measurements by the weights and assigning him to the group having the largest score,

The results nf app\ymg the equations devaloped for age, sex and CSSI scores to the ratings of
inflight responses was essentially negative, Of 32 inflight crew experiences, 18 ware actually rated as
Tow, 11 as having moderate symptoms, and 3 as severe. The equations misclassified 16 in the low yroup
as modarate and inisclassified all 3 severe symptom individuals, (preuicting 2 as modarates and 1 as
Tow). Of the 11 individuals actually rated as 1nflight moderates, the equations predicted 10 of them
correctly. In short, the equations overly assigned {ndividuals to the moderate group.
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DISCUSSION
Loscriptive Analysis

With respect to the means and standard deviations, presented {n Table 1, the raesults showed con
siderable variability on the CSSC. Part of this resulted from some 33 individuals who never reached
endpoint in the test. The effect of this on the total analysis is not known, although, it probably con-
tributed some additional error to this variable making it somewhat less useful. The intercorrelations
given in Table 1 show generally low correlations and while their overall description is best seen in the
factor matrix, the intercorrelations are useful in looking up some specific univariate relations. With
this number of cases, a correlation of .19 1s significantly different Yrom zero.

The best explanation of the information content of intercorrelation matrix was obtained from the
rotatod factor matrix shown in Table 2, In fact, any correlation can be reproduced from the factor
matriy. by cross multiplying each element in the two rows representing the correlation of interest and
summing these products across the columns, As noted in the table, the last column contains the squared
multiple correlations representing the relationship of a particular variable to all of the other vari-
ables in the matrix. Background varisbles (age and sex), questionnaire responses, the non-provocative
rail tests, and the higher frequency VOR were not correlated with any of the other tests, This sug-
gested that from a general prediction viewpoint, these variables should not be discarded as they might
contain some uniqueness that could aid in prediction beyond what the provocative test provide. For this
reason they were used in the development of prediction equations.

The Coriolls sickness sensitivity dimension represented by Factor I showed the effects of both gon-
stant and staircase velocity as evidenced by SVHM having significant loudings on both Factor I and
Factor VII. Also sean on this dimension (Factor !) was the score variance for the off-veritcal rota-
tion, as well as for both the visual and non=visual part of the sudden-stop test. This probably
reflects that the same funoamental provocative procedures are used for each of these test.

Prior to the study, it was thought by some that since all of the provocative test use the same
rotational procedure tiey would be highly ralated and perhups some could be dropped. if this were true,
Factor [ would have shown higher loadings on each of the procedural variations than was actually the
case, The analysis showed that each procedural variation was sufficiently unique and orthoyonal to make
it a potentially useful predictor. With respect to objective scores (as opposed to ratings), the
r?su1:s {ndicated higher loadings for scoras except for the Sudden-Stop Test with both eyes open and
closed,

Of some interest was the lack of any significant correlation af any single test with tne criterion
salected for this study, V.e., the responses to the KC-136 parabolic fiights. This suggests that o low
prediction {s almost inevitable unless some optimal combination of the dindependent predictors fis
possible that collectively captures what 1ittle relation that does exist. While this study used KC-13%
reactions as a criterion since 1t does include a limited zero %ravity experience, 1ts emergence as an
independent factor suggest ft may be more useful to think of {1t as simply another provocative test in
predicting some other experiencas of motion sicknass,

In sumnary, tha factor analysis indicatad which variables should be included in the predictive
analysis to represent aeach of the factors, 1In addition, the results indicated some variables that werc
not loaded on any dimension and should be included in prediction because of their uniqueness and their
potential contribution.

Predictive Analysis

In general, the Yevel of predictions in the study were better than chance but thay were not high.
The fact that the predictions exceeded chance expectations was encouraging since there was virtually no
significant correlations with the criterion. 'This Tack of correlation with the c¢riterion also explains
why it was net useful in this particular study to determine relative contribution of each variable using
the discriminant functions., One way of doing this was to systematically drop the last variable and
observe the percent change. The classification function given in the tables do nat indicate tha order
that each variable was utilized in the discriminant analysis, For example, the variables in Table 4
were successively added as follows: OVRSC, AGE, EOR1, VORP1, ECR1 and CSSC. The ftirst discriminant
selectod and classified all subjects usinx only OVRSC into low, moderate and suvere with a percent
success of 62, 10, and 65, respectively., AGE was the next verfable added to OVRSC and it improved the
success rate to 43, 40, and 60, respectively, The next variable added to the others was EORL and this
changad the success rates to 56, 30, and 60. This process of gradual fmprovement fov different
categories continued until it reached 6%, 50, and 61 for the CSSC. In short, the relative contribution
was not clear cut except to a particular low, moderate, or savera category. Similarly, the variables
selected by the unalfs $ process from one discriminant analysis was not related to another discriminant
3?ul{s's. An exception to this was that OYRSC was selected as first or second in each of the three pre-

ction,

In using multiple factor analysis, the concern was to describe common elements, or what Thurstone
(7} called the “invariant structure*, and tha corralation coefficients were easily interprated. 1In
muitiple discriminant analysis the concern was to maximiza differences batwean groups and the
coefficiants, while mathematically optimal, had iittie meaning from an interpratation veiwpoint, For
this reason, no attempt was made to interpret the welghting coefficients, however, a computer program
was weitten to use the coefficients on future laboratory subjects to continue the validaticn process.
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The property of the multiple discriminant analysis to capitalize on any difference between groups
required special attention to make sure the number of original cases was sufficiently representative to
eliminate chance difference between variables. Randomizatfon of the original and the cross-validation
population was used to assure that the cross-validation sample was represented statistically by the
ariginal population or a significant loss in prediction would have occurred. While some shrinkage did
occur, it was well within expectations, Finally, as the number of variables used in discriminant anal-
ysis increase the theoretical prediction increases., For example, some initia) runs using 43 variables
and 60 cases showed 95 percent correct predictions on the original cases., However, this was due to
increased curve fitting to chance points that disappeared on cross-validation., The number of cases
required to establish validity increases dramatically as number of variables increase. For this reason,
factor analysis was an important step before discriminant analysis as 1t both reduced the number of
variable and assured any new variable was independent of those previously selected.

The results of this study sugaest that no single motion sickness test, provocative or otherwise,
can be used to predict susceptibility in a novel motion environment, Currently, our program employs
only the CSS1 test preflight to test thesa crewmembars who will fly. As might be expected the CSSI has
not been effective in pradict1n? susceptibility aloft. We are now modifying our preflight testing to
replace the CSSI test with the OYR. However, based on the findings presented here, the QVR alone should
not provide a higher index of success than the CSSI, We believe that a small battery of tests is re-~
guired, and until an expanded program is implemented, our predictive capability will not improve.

SUMMARY

A study was completed (&) to describe the univariate and multivariate velationships of provocative
measures used by the neurophysiology laboratory. (b) to use nermative subjects to develog and cross-
validate sets of linear equations that optimally predict motion sickness in parabolic flights, and (c)
to evaluate the possibility of reducing the number of measurements required for prediction.

After describing the variables verbally and statistlically for 159 subjects, a factor analysis of 27
variablaes was complieted to improve understanding of the velationships batwean varfables and to reduce
the number of measures for pradiction purposes. The results of this analysis showad that nine factors
account for 100 percént of the common variance and that none of variables are significantly related to
the responsas to parabolic flights,

Us1n? the rasults of the factor analysis, a set of variables were selected to predict responses to
KC-135 flights. A series of discriminant analyses were completed using part of tha subjects to develop
saty of praedictive lipear equations and part to cross-validate the equations. Results indicated that
low, moderate, or severe susceptibility could be correctly predicted 64 percent ond 53 percent of the
time on original and cross-validation samples, respectively, Similarly, sickness or non-sickness was 60
and 68 percent correct on original and cross-validation samples, respectively., Predicting vomiting or
no vomiting on the KC-135 flights was 73 and 62 parcent correct on original and cross-validation
samples, respectively. Finally, equations developed on the normative group for sex, age, and Cariolis
S;e Q?ssf??n;ttivity Index were not effective in predicting crewman's space adaptation to the first nine
Shuttle flights,

Both the factor analysis and the discriminant analysis provided no basis for reducing tha number of
tests, The results suggested that the provocative test are relatively independent and that a1l should
be retained until new criterion measures are svailable to evaluate them.
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TABLE 4 Lo
PREDICTION OF DEGREE OF SUSCEPTIBILITY i
(LOW, MODERATE, OR SEVERE) TO KC-135 PARABOLIC FLIGHTS !
I. CLASSIFICATION FUNCTION:
WEIGHTING COEFFICIENTS
VARIABLES
Low MODERATE | SEVERE
AGE 1.048 .977 .942
cssc 1170 1196 “161
OVRSC “827 1796 -705
EOR1 6,382 7.286 | 6.838
ECR1 3.782 4.455 | 4.313
VORPL -.013 <039 | -.00
CONSTANT | -45.069 -46.850 | -41.103
I, ORIGINAL NUMRER AND PERCENT OF CASES CLASSIFIED INTO GROUPS:
A. NUMBER OF ORIGINAL CASES: B. PERCENT OF ORIGINAL CASES:
PREDICTED PREDICTED
LON| MODERATE| SEVERE | TOTAL 1.0W | MODERATE | SEVERE
LOW a7 8 | 48 LOK 698 15% | 17%
ACTUAL MODERATE [ 2| & 3 | 10 ACTUAL MODERATE  |20%| 50% | 30%
=" StveRt | 4| 5 | 18 | 23 = severe || 228 | 61%
TOTAL NUMBER OF CASES = 81 TOTAL % CORRECT = 64%
III. CROSS-VALIDATION NUMBER AND PERCENT OF CASES CLASSIFIED IN GROUP:
A. NUMBER OF CROSS-VALIDATION CASES: B. PERCENT OF CROSS-VALIDATION CASES:
PREDICTED PREDICTED
: LOW| MODERATE| SEVERE [ TOTAL LOW| MODERATE| SEVERE ’
Low 5] 5 | 12 | a2 LOK 5okl 12x | 2e% i
ACTUAL MODERATE | 7| 8 1 | 16 ACTUAL MOUERATE  |4ax| 50% | ‘o% |
= stvire | 7| 5 8 | 20 T SEVERE  |35%| 25X | 40% j
1
TOTAL NUMBER OF CASES = 78 TOTAL % CORRECT = 53% {
TABLE 5
.
- MEANS AND STANDARD DEVIATIONS OF VARIABLES USED TO '
. PREDICT SICK OR NOT-SICK O KC-135 PARABOLIC FLIGHTS :
I. ORIGINAL CASES: I1. CROSS-VALIDATION CASES: '
GROUPS GROUPS
: VARIABLES NOT-SICK SICK VARTABLES NOT-SICK SICK
! MEAN | S.D. | MEAN | s.0. MEAN | S.0. | MEAN ] s.D.
i SEX 1.20 | 0.411 L.t | 0.4 SEX 1.23 | 0.43| 1.30| 0.46
% AGE 3210 | 8.06 | 28.86 | 6.68 AGE 30.76 | 5.68 | 30,06 | 8.1t
. CSSC 18.87 | 18.24 | 15.84 | 17.26 0S5¢ 20.08 | 21.45 | 11.36 | 15.44
; OVRSC 28.47 | ‘reee | 2115 | 7,25 OVRSC 30,09 | 7.14 | 24,86 | 9.46
EORL 2.95 | o.82 ] 2.1 | 1.08 EOR1 2.78 | 15| “a.a0| 103 .
ECRL 2.2 | 124 2018 | 1,44 ECR1 230 | 1.29| 2.9 | 1.09 "
, SYMPTS 7.2 | s | 707 | 3iea SWPTS 6.6 | 2.97| 6.23| 4.0
! ECRAIL 42,43 | 30.66 | 38,97 | 31.3l ECRAIL 40.26 | 29.61 | 44.26 | 30.63
. YORP1 30.08 | 23.37 | 26.32 | 23.87 VORP1 30,587 | 23.95 | 19.04 | 24.25
. COUNTS 48 ") COUKTS a2 30
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TABLE & 1 :
PREDICTION OF SICK OR NOT-SICK IN RESPONSE
TG KC-135 PARABOLIC FLIGHTS
1. CLASSIFICATION FUNCYION:
VARIABLES | NoT-s1cK | SICK
AGE 774 .706
OVRSC 720 .679
VORP1 .027 .020
CONSTANT | -23.792 | -20.361
IT. ORIGINAL NUMBER AND PERCENT OF CASES CLASSIFIED INTO GROUPS:
A. NUMBER OF ORIGINAL CASES: B. PERCENT OF ORIGINAL CASES:
PREDICTED PREDICTED
NOT-SICK | SICK | TOTAL NOT-SICK | SICK
NOT SICK 28 20 48 NOT SICK 58% 42
ACTUAL ACTUAL
SICK 14 24 38 = sk s 63%
TOTAL NUMBER OF CASES = 86 TOTAL % CORRECT » 60X i
I1I. ORIGINAL NUMBER AND PERCENT OF CASES CLASSIFIED INTO GROUPS: :
A. NUMBER OF ORIGINAL CASES: B. PERCENT OF ORIG.NAL CASES:
;
PREDICTED PREDICTED
NOT-SICK | SICK | TOTAL NOT-SICK | SICK ‘ l
NOT SICK 28 14 42 NOT SICK 67% 3% |
ACTUAL ACTUAL !
SICK 9 21 30 —  sIcK 30% 70% !
TOTAL NUMBER OF CASES = 72 TOTAL % CORRECT = 68% !
!
TABLE 7 1
\ MEANS AND STANDARD DEVIATIONS OF VARIABLES USED TO %
: PREDICT NO VOMIT AND VOMIT ON KC~135 PARABOLIC FLIGHTS ‘ :
. ’
; I. ORIGINAL CASES: I1. CROSS-VALIDATION CASES:
!
: NO VOMIT YOMIT NO YOMIT VOMIT
r YARIABLES VARIABLES
¥ MEAN $.0. MEAN S.0. MEAN S.0. MEAN 5.0,
¢ AGE 1.13 .34 1.30 .46 SEX 1.26 A4 1,26 44
i SEX 31.00 6.77 29.55 | 6.89 AGE 3176 8.05 28.42 | 5.77
; CSSR 20.50 21,19 12.87 | 13.586 CSSR 17.60 17,71 14,30 | 20.05
; OVRSC 30.00 7.08 24.89 | 7.89 OVRSC 28.31 7.96 26,52 | 8.43
! EOR1 2.85 .93 .29 | 1.10 EORL 2.96 1,02 3,26 | 1.06 -
i ECRL 2.15 1.32 2.59 | 1.45 ECRL 2.94 1.26 2.45 | 1,31 ;
} SVNPTS 7.23 3.79 .85 | 4.68 SYMPTS 6.76 3.86 7.29 | 3.11 L4
ECRAIL 40,33 31.25 39.41 | 32,23 ECRAIL 39,61 29.17 51.03 | 30.69 ot
VORP1 26.61 23.28 20,94 | 24,14 YORPL 31.94 23.96 21,78 | 23.40 i
# OF CASES 39 27 # OF CASES 62 3
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1. CLASSIFICATION FUNCTION:

TABLE 8

PREUICTION OF VOMIT OR NO VOMIT
TO KC-135 PARABOLIC FLIGHTS

WEIGHTING COEFFICIENTS
VARIABLES
NO VOMIT VOMIT
SEX 7.604 8,298
OVRSC 641 . 555
EORL 2.517 2.925
SVMPTS .185 .122
VORPL .042 032
CONSTANT | -19.3%4 -18.493

I1. ORIGINAL NUMBER AND PERCENT OF CASES CLASSIFIED INTO GROUPS:

e ————

1.

6.
7
al

A. NUMBER OF ORIGINAL CASES: B. PERCENT OF ORIGINAL CASES:

PREDICTED PREDICTED
NO VOMIT| VOMIT [TOTAL NO VOMIT{ VOMIT
NO VOMIT 29 1n 39 NO VOMIT 74% 26%
ACTUAL ACTUAL
VOMIT 8 19 27 VOMIT 30 70%

TOTAL NUMBER OF CASES = 66 TOTAL % CORRECT = 73%

CROSS-VALIDATION NUMBER ANU PERCENT OF CASES CLASSIFIED IN GROUP:

A. NUMBER OF CROSS-VALIDATION CASES: B, PERCENT OF CROSS-VALIDATION CASES:
PREDICTED PREDICTED
NO VOMIT| VOMIT [TOTAL NO VOMIT| VOMIT
NO VOMIT 41 21 62 NO VOMIT 66% 343
ACTUAL ACTUAL
VOMIT 14 17 3l VOMIT 45% 56%

TOTAL NUMBECR OF CASES = 93 TOTAL X% CORRECT = 62%
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RiSCUSRION

CLEMONT: Did I understand that it was a factoral analysis which included 27 variables performed
oun data from 150 subjects? Is this right? A factorsl analysis is very semsitive to huge exrors.

REKSCHEKE: 1In fact, we had ovar 40 varisbles that we usud in the analysis and we bagan to wselec~
tively drop these out, I didn't point out as the slides progressed when ve were predicting vomit, no
vomit, we ware doing so, I baliave, with only four different variables for the 159 subjects. This iu
the direction we vanted to go. Ve were sttempting to get away from curve fitting.

CLEMONT: If the number of subjects ils small with vegavd to the number of varisbles analysed,
than the results of cross-sactious usually are dissppointing.

RESCHKE: That's absolutely true because you design the equations on the originmal semple.

CLEMONT: Soma of the varisbles are quslitative, mosi of them, wm'are, medium snd high. Did you

trylto find an optimal scoring system of these qualitative variables or did you score them arbitrarily
0,1, 27

RESCHKE: All of the scoring for motion sickness responses were dons using the diagnostic ca-
tegorixation chart that Dr. Lackuer showed sarlier this woxning.

LACXNER: You have & grea: deal of dats on a large number of both msle aud female subjects. (e
of the firmly entrenched views in the literature is that thery are major differences in susceptibility
betvean men and women, with women belng more susceptible, I thiuk you have data that spesks to this
issve and I wonder if you would describe it?

RESCHKEt That lssus was reslly not part of the study but we do have corvelation data that sug~
gests, yes, there is & sex difference aud yes, thare is pot. It is very test apecific, Ouce agais,
the general roles have taken s tumble and thars are no spacific trends for wales and famales.
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SUMMALY

Thirty-nine subjecta, suffering from ohronic seasickuvss, ond 21 controls have been submitted to several
tests in order to find parameters for the prediction of asasickness susoeptibility. Routine ENG examina-
tion revealed a labyrinthine predaminance of more than 30¥ with oalorle irrigation in about 15% of ths
seasickness susceptibles, asuggesting e higher inoidence of chronio motlon sickness susosptibility in sub-
Jects with a labyrinthine imbalance than in normals. Cupulomstry revealed identioal slopes of the assnsa-
tion cupulogram for both groups. No difference in slops was found for the nystagmus oupulogram either. The
time aonstant of the 'velooity mstorage mechanism' simso dovered the same range ror both groups. Stabllo-
metry performed in a tilting room suggested that ssasickness susceptibies are more visually oriented than
the controls as revealed by the visually induced po:itural instability.

INTRODUCTION

At the Vestibular Departwent of the Free Univeraity Hospital in Amsterdam: 50 subjacts from the Royal
Dutoh Havy have so far besn examined with respsct to their high susosptibility to seasiokiess. These sub-
Jeots have been submitted to a routine vestibular ENG examination and to atabilometry in a tilting visual
surround. During the first examinations Coriolis techniques were usod too, but soon cupulometiy wWas pra-
ferred.

Cupulometry as & test to ussess motion siokness is well known in the literaturs. De Wit (1953) reported
that the cupulogram oould disoriminate batwean seasiokness-susosptible (steep siope of the oupulogram) and
non-susceptible subjeats (shallow slope). Similar results were reported by Aschun (1958) and Krijger
(1954), who both showed that experienced fighter pilots had a partiocularly shallow slope of the oupulo-
gram. Dobie (1974) could not reproduce these findings in a study on 1,000 pilots.

Thess differences in the slops of the qupulograw refleoct differeances in the time nsunstant of the central
vestibular system {(Raphan et al. 1979): the steepar the oupulogram, the longer the time comstant. Sinae
wdaptation results i1 a shortening of this time constant and chrounic seasickness is swstined t0 Le ® nhone
adaptation phencsanon (or non-habitumtion phenosencn), lurge time oconstants are expected with seasiokness
susoeptibles, which is in line with the findings of e.g. de Wit, Shortening of Lhe time oocustant for sen-
sation and nystagmus after strong vestibulur stimulation has baen used as & sign of adaptation in & study
on seasiokness susceptibility (Van Maanen 1965),

In our test battery we also incorporated stabilomotry in a tilting room, asince this teat does not deal
with the semiciroular osnsls as does cupulometry, but more with otolithioevisual interactions which are
sinilar to what may happen on w ship. In this test we messurs postural utability of a subjeat standing on
a firm horizontal support, while his visual surround is sinuseidally tilted. Tha rationala behind this
test is that s confliot about verticality is orested betwesn the vimsual information (the tilted room) and
the otolithio informmtion (gravity). If the subjeot relies on the otolithio information only, he will
maintain postural stability, but if he relies on vision s large lateral body swey will be the pesult fol-
lowing the room tilt,

In olose coopsration with the Vestibular Department of the Acadesic Medical Contre in Amsterdaw, 28 young
biologists have also besn examined, prior to scientific nautiosl expeditions, to sorsen them on chronic
wotion siokness susceptibility. These subjeots wers submilted to the sawe test battery.

This tudy presents a fiiat analysis of the materisl in order to fird paranaters whioh may be useful for
the p adiotion of ssasickness susceptibility. We hive limited curselves to the study of two subgroups, ona
consisting of measiokaess susceptibles, inoiuding those subjeots (N w 39) from the Royal Dutoh Wavy who
suffered from seasickness vontinyously when tihe wind speed exoesded 2 on the scale of lsaufort - sccording
to their own reports «, and one oconsisting of oontrols inoluding only those biologists (N x 20) who sotu-
ally partiocipated in an expedition without showiig signs of chronio sossiokness, which weans that they
adepted within a few days.

The ags range was the samwe for both groups; the controlss however, consisted of 14 males and 6 females
vhereans the seamickness susosptibles were only wales.

HETHODS

Eys movemonts wers reqorded using eleotronystugmography (AC-amplifioation, time oconstant 5 s), Routine
vestibular and optokinetic exsmination inoludasd & search For spohtanecus snd pravosative nystaghus to-
gother with optokinetic nystagmus, swooth pursuit and suppression of the vestibular nystagmus Ly viaual
fixation, Calorio irrigation wes performud using witer of 30 and 44*C, Maximum nystagmus slow phase velous
ity (SPV) of the response vas ocaloulsted, after whioh the response difference perasntage of both laby-~
rinvhe was cosputed.
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Cupulenetry was performed with a rotatory chair inside & drum (T¥nnies, Freiburg im Breisgau). Subjects
wera sitting in darkness with their eyes opsn and signalled direction and teraination pointa of the 4in-
duced rotuation sensation. These data, together with nystugmus and chair veloolty, were recordad continu-
cusly. Nystagmus and sensation duration wers messured after a deceleration of 90°/8% from o oonstant ve-
logity rotation of 6, 14, 30, 60 und 90°/8 CW and CCW. Plotting the duration of tha aensation or nystagmus |
againat 1n w yields a oo-called oupulogram. '

The time constant of the 'velooity storage mechanism' (Raphan et al. 1979) wan eatimated from the nystug- |
mus deomsy following the stop from the 50°/s oonstant velooclty rotation.

The tilting room (Thnniea, Freiburg im Braisgsu) is a ocompletsly closed devies (2.5 x 2,5 x 2 m), oxospt
for a hole in the floor and a door. lateral tilting 1s done from the base (asinusoidal tilting with an
amplitude of 5* at 0,025, 0.05, 0.1 and 0.2 Hg), Subjects had to stand on a stabilometer (Xapteyn and de
Wit 1972) pluced on & firm horixontal support in the hole in the floor, and were instructed to maintain an
upright stanse as ruch as possible. They wers told sbout the actuml stimulus and were given the task to
maintain & rods fixed to the backwall of the room, in the horizontal position by mecns of a potentiometer
they held in their hand. The induocsd body away was determined by computing the amplitude of the Fourisr
component at the stimulus fraguensy in the left-right atabilograw (Bles et al. 1983), tkeing weight and
height of the aubjects into acoount too.

Subjeots were also asked to adjust the rod, which was illuminated by LEDs, to their subjeotive horizon

(8H) in the otherwise complotely dark room. ‘The msan SH dsviation from the real horixon was computed from
6 trisls with initial rod tilt of 15* to the left or right.

RESULTS

Routins exsmivnation and caloriu irrigation With the controls no abnorwalities ware cboerved at the rou.
ine exatination. This was different for the sessicknesas asusceptibles: in two omses cervical pathology
could be established, one oass showed alightly impaired smooth pursuit and fixation suppression (0 u ,2),
and onoe & congenital nystagmus was observed together with a significant amymmetry (60%) in omloria irri- M
gation. Calorimation had to be interrupted in two aubjoots because of sevsre vomiting) and once the uss of
water was ruled out becauses of an ear drum parforation., The oomputed lmbyrinthine predominanos of the
remaining 36 calorigrums of the meawickness sumceptibles is shown in figure 1, bogether with those of the
controls. It is of interest to note that in the group of thesa 36 asasick & significant (>30%) differsnce 3
batween the left and right labyrinth is observed 5 times.
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Fig. 1. Hiatograms showing the distribution of the parcentage
labyrinthine predominancs for the seasloknesy susceptibles and
the controls as obtained with calorio irrigation. A difference
of over 30%, found in 5 out of these 56 sensmickness sumscepti.-
blass is to be ounaidered am pathologiaal.

Oupulometry  As desoribed ih the introduction, cupulomatry was st first not pariormsd routinely with the
seasicknaas susoeptibles, and sometimes only tha stop from 90°/s was performed. In two cases the oupulo-
wotrical procedurd had to bs interrupted because of vomiting directly after the first stop; in thoss osses
where calorio irrigetion had cauued severs problems, cupulowetry was not performed either, lesaving Linally
21 complete oupulograms of the seasiokness susceptibles. The sensation and nystagsus oupulograms are de-
ploted in figurea 2, showlng the wedian values and the 10th and Y0th peraentiles together with the mean
slopes for & large population as detersined by Hulk anmd Jongkees (1948}, Apparently, the slope of ths
v oupulagram is the asswe for both groups, for the sensation as well as for the nystagmis. In figure 3 the
h computed time constants for the nystagmus decay are shown, indisating no differsnce between both groups.
’ The iargest tims conatents are, in faot, found with the controis. .
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e vy Fig. 2. Semsation and nystaymus ocupulogrem showing the
"y 6 xseasick (NuZi) median values and the 10th and S0th percentiles of the
g « controls {Nx20) individual data points for the ssusicknesa susceptibtiles
2 L and the controls, together with the slopes for normals
% o a3 dotermined by Hulk and Jongkee: (1948),
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Fig. 3. Histograms showing the distributicn for the
time oonstaut of the owntral vestibular systsa fop
the seasiokness suscepiibles and the controla. Thass
time ocoustunts wers oomputed from the decay of t:h!
vestibular aystagwus after . decaleruiion of 90°/s
frol conbtuat velcoity rotution of Q0%/s OV and

As for the shallowing of the alope of the cupulogr:wk after expozire to vestibular stimulatlun, we hat the
opportunity to siumine 7 cosntrols within a fuew lours after disumbarketion fhom e nautiocal expudition, cn
whioh tkey had besn troublod on the last days by heavy roas (Basufort 8-11,. the oupulogrars (wsan valuas)
of these 7 contiols obtailned before w.ud directly after the exp.dition are shown in figure 4.

Tie inoreass in Lhe duration of the ssnsation st the wesker Llmpulisear is signifioant, and did sesult 14 8
shiallowing af the oupulograw. One would have expected, however, a dmcrusan ab strunger stimy.i {ustead of
an iporeass at weaker stimuli. As for the ny:tugmus Lupulogras, the slope im not influsnced by the preced-
ing wasks st sea.

The mean time oonatan: of the rputagirus deocay did not Jdenresse either: both shaptening sad lengthening
were observed.

ki) ALl controls (N w 20) and seasiokneas sunceptibles exoept ons (N w 58) were examined in tha
tilting roua. The emplitudes ¢ the ipduced laterxl hody sway st 0,045 and 0.2 Hx are showy in figure 5,
Obvéoulﬁy. the eftect is grastest for the group of seasiokness suscaptibles, espeoially for the frequency
of 0.2 Hu.

For both groups the SH wes within the normal rangs (2,5° to either sida), with two excsplions in the ses-
:1:|:mu group of 0.3 and 3.7° t41t: the last one alao showing an asymmetty with oaloriae irrigation of
4.
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amplitudes of the visually induced lateral body away
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DIRCUSSION

Beoause of the plustloity of the equilibrium mystem wostly sevaral tests at difforent tiwes are neocsmary
before a satisfuotory ranking of susceptibility to mollon mickness oan te obtained (e.§, Oraybiel and
Luokuner 1980). e tewpting question is whether such & possibility to habituste cau be predicted slready
fron thoe behavior of thie parameters used to desoribe the results of one aingle twat,

Unfortunately, the pressnt study does not reveal a puramster which can be used to prediot susveptibility
fo ohronic seasickness with sufficient soourscy. Thers sre, hovevers some interesting findings in this
atudy. For instenoe, it wam not expscted that the routine vestibular exsmination would reveal such a high
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percentage of abnormal values, asuoh as the over 301 of labyrinthine asymmetry found with caloric irrige-
tion in about 15% of the aeasickness susoceptibles,

It may be assumed that these subjects have adapted to this vestibular iwbalanos by relying on viausl in-
formation. Such a shift in favor of the visual system may be uasful in normal daily life, but not uaeful
when the visual information is misleading, which may be the case aboard a ship. A similar shift in favor
of vision may be obugrved in patients with cervical pathology or lsbyrinthine impairment (Bles et al.
1963), van Maanen (1965) ahowed that a vestibular imbalance does not necessarily lead to ohronic seusiok-

ness. Our findings suggest that the inoidenoe of chronic seasiokness mesy be higher in this group than in
healthy subjecta.

Unforiunately, we oould not reproduns the cupulometric findings of de Wit (1953). We found, iike Dobie
(1974), no differance in slope for seasiokness ausceptiblus and controls. This is diffioult to explain,
since the attractive ideas about shortening of the time constant have bash experimentally verified in
ssveral atudies on motion sickness for mensation (de Wit 19537 Aschan 1954; Krijger 1954; Preber 1958, and
von Magnen 1965) and for nysteguus (Krijges 19547 Preber 1958, and van Maanen 1965). The dirorspancies may
be due to experimental procedures (which is hard to beliave), or perhaps our subjects wers 'less' chrouic
than those in the other studies {whioh is also hard to believe). Dimpersion of the data points may be of
interest, ainoe de Wit (paracnal acmmuniomtion) did not incorporate those cupulograms with to much disper-
sion, This well-known problem of dispsrsion is less evident in the determination of the time constant of
the nystagmua deoay. Unfortunately, here too we were able to demonstrate neither s difference in the mag-
nitude of the time constants for both populations, or a shortening after vestibular constraint. Mors care-
ful analysis of the nystaguus decay at other impulsive stimnli may perhaps reveal different values for the
time oconatant bacause of the occasional pr of dary efter-nystagmus at these strong impulses.

Our findings in the tilting room suggest that semsiokness susceptibles are more visually oriented than the
controls although here, too, a olear cverlap exists., As stated already, s« sinilar behavior has bean found
in patients with & vestibular deficienoy (Bles et al, 1983), and in patients suffering frow post-conous-
sional digxiness (de Wit and Blos 1975). It is notsworthy that the ssasiokreas susceptibles alsn show
postural imbalance at the lower stimulus frequencies, whereas the vestibulsr' patients usually lesrn to

sdapt at these frequencies: only showing imbalance in the higher frequenoy reglon for a longer period of
time (Dles ot al. 1983).

The findings in tho tilting room mre interesting from the point of view that in this teat the otolithas
aliould be involved wore than the wemloiroular aunslu., Moreover, the teat condition resembles the real
conditions better than cupulometry does: It should ba noticed that the earlier invevtigators were well
awvare of the faot that thay uasd cupulometry in spite of the faot that seasickoess at that timwe was
thought to be due to overstimulation of the otolithic system {(of, Reason and Brand 1975, p. 189): de Wit
(1953, p. 31) notioed this duality but propsgated cupulometry, while he did not sucosed in finding s reli-
able teal for exmmining the otolith upparatus at thut time.

As & conolusion of this preliuinary analyeis it may ba atated that 1) the slope of the sensation oupulo~
gram is not a good parsmeter for predicting seasiokness ausosptibility, 2) a vestibular imbalance may
snhanoe sunoeptibility to sessdokness or, wmore generally, motion sickness, and 3) intevaotions of the
otolithic and visual aystems may be organized in a different way in ssasickness susceptibles. The fuct
that examination with the tilting roow is esssntislly an exsmination on sensory interastions, wvhereus
ourrent concepts about seszlokness are mostly in terss of sonsory rearrangement (Reason and Brand 197%),
wakes it worthwhile to prooeed with the rescarch on semsiokness susosptibility in sensory interactions.
Morecvey, motion siokness is not only dus to visual-vestibular intersotions but depenis «¢lsc on somato=
asnsory information (Blas 1981); it wust be borne in mind that & large lateral postural sway may slso be
dus to non-adaquate scmatomsnsory information.
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RISCUSEION

CLAUSSEN: I was very iuntorested in seeing your first slide and the slide where you showsd the
caloric taest evaluation from the susceptible persons to motionm sickness and tha normals. You said,
thera were wore vestibular ssymmatriss in the pathologiocsl cases. How did you find that thess ware
vestibular imbalauces and not brain stem imbalances? Daes your formula allow this disecriminstion?

BLES: Wa canuot be completsly sure but we have at lesst no indiction that thare is a brain stem
malfunction in these patisuts. The routinc ENG examination tests lika OKN, swooth pursusit, end £ixa-
tion suppression provided no evidence for asymmetric lesions in brain stem or tersbellum.

JONES: In the Air Force, wa are not greatly concurned with seasickness, but I was wondering if
there might be any differsnce betveen vestibular ocular conflict among pnople vho work inside the ship
and those whn work on the deck?

BLES: As far as I've busn told by these subjeats, there is quite a differences belug iu the ship
or on the decke Mostly the symptms are less when thay are up on the deck,

VON BAUMGARTEN: Bilateral asymmstries could play a role in space motion sickness as wall,
BLES: Thank you for youx comment.

VON GIERKE: Did you cousider the inverse test having the room stationary and osoillating the
subject's platform,

BLES: Quantitative analysis with stebilometry ls very difficult if not impossible bacauss of the
induced rnomplex body wovesents when the platform is tilting. Preliminary exparimeats with the plat-
form coupled to the tilting room showed that healthy subjucts have severe problems iu keepiug the
upright position and that all patients had to be supported which weans that the test did uot have a
diagnostic value anymore, Bemistatic tests in which the subjects cumtrol the tilt of the piatfors
seaet to be more pruomising. The avalysis of these data is not yet completed,

s S et i pn




Laboratory Testa of Motion Sickness Susceptibility
by
J., M. Lentz, Ph.D,
Naval Aerospace Medical Rasearch Laboratory
Pensacola, Florida 32508
U.8.A.

SUMMARY

This paper reviews some of the laboratory tests of motion sickness susceptibilitcy
that have been evaluatad over the years at the Naval Aerospace Medical Research Laboratory
in Pemsacola. The discussdon focuses on 1) the procadures uasad to rate the extent of sick-
ness; 2) how the intent of testing influences the outcome; 3) the problem of measuring
adaptative potential; 4) aftereffects; and 5) the relationship of these tests to success
in flight. Individual teats which are discussed includet Brlef Vestibular Discrientation
Tast, Coriolis Sickness Susceptihility Taest, Sudden-setop Vestibulovisual Tast, Tilted=-Axis
Rotation Test , and the Visual/Vestibular Interaction Tast.

INTRODUCTION

This paper 18 a vaview of five laboratory tests of motion sickness suscaptibility
that Nave been evaluated over the yeurs at the Naval Aerospace Madical Rmsearch Labora-
tory in Pensacola, These taests, involving Corilolis stimuld, off-vertical roiation,
vigual/vastibular interactions, were developad with the objective of predicting indivi-
dual gusceptibility to aireickness and space sicknese¢., Howaver, thaere is much work left
undone and this short review reflects some thoughts on both past accomplishments and
future directions.

CORIOLIS (CROSS~COUPLED ANGULAR ACCELERATION) STIMULUS TESTS

Brief Vestibular Digorientation Test (1, 2, 3, 4, 5, 8, 9, 12, 13)

Mors subjacts have takan this teet than probably any othar laboratory test of motion
dugceptibility, The Briaf Vestibular Disorientation Test (BVDT) dnvolves passively
rotating an avactly seated §, vish eyey closed, at a constant 90°%/s, Aftar 30 s at
constant velocity the § makes 45° head movewents (Fig. 1) every 30 s according to tha
following ordar: head right, upright, heud laft, upright, head right, upright, head
latt, upright, head forward, upright. The total time of rotation 1is 5 1/2 minutes,
Following the BVDT aach 8 completes a briaf self-rate questionnaire concernlng iy re-
actlon to the test, and i1s rated by observers for eigne of wmotion sicknsss.

Figure 1

(a) (b)
Brief Vestibular Divorientation Device
Subject's head in the upright (u) and left-tilted (b) positions

Data (13) from a group of 552 student Naval Flight Officers (non-pilot category) is
shewn in Fig. 2, It ia clesr from this figure that rater (obsaerver), self-rate, and
follow-up (aftereffect) scorws are strongly skewed towerd high scores (high suscaptibil-
ity). Due to the nsture of this type of distribution this towt may be useful in datect-
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ing extramely wsusgceptible individuale bubt is probably rot useful in establishing even a
rank order among most individuals of average susceptibility., Thise particular group of
students is the subject of the nexr paper wnich traces their inflight incldence of air-
nickness through three phases of training., As you will see, their inflight airsickness
doew not correlate highly with their BVDT scores. Some of this low correlation is likely
due tov the skewed BVDT distributions and pechaps a different statistical approach (e.g.,
point biserial analysis) would improve these correlations. 1In one of the initial studies
describing development of this test Ambler and Guedry (5) found that the BVDT correlated
significantly with later separation from flight training for any reason (.165), tension
or alrsickness (.272), airsickness ooly (.413).

The low correlation with inflight airsickness 18 in part due to a) the brief one-shot
test exposure which lacks the ability to estimate adaptative potential, and b) the somewhat
mild stimulug which produces a highly skewed distribution of scores designed primarily to
detect the extreme reactor.
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Figure 2

BYDT rater, salf-rate, and follow-up score distributions (N=552)

Goriplis Sickness Susceptibility Index (CSSI) (14, 15, 16, 17)

Prior to discuseing the Coriolis Susceptibility Index (CSSI), I want to mention an
earliexr test (the Dial Tast) which had eome influence in C$SI davelopment and if it had
received additional attention, could have evolved as a major test in this area.

The Dial Test (10) was an attempt to force specific head and body movements
(Corioldis stimuli) and to relate a measuve of performance to this stimulua/rasponae
complex. Figure 3 shows the response sequence requiraed during rotation (7.5 rpm) on the
Slow Rotation Room. In the initial report describing the Dial Test, Kennedy and Graybiel
compared three groups of subjecte: 100 incoming £light students, 40 experienced aviator
pre~flight instructors, and 25 test pilots. The test produced sickness in 70, 30, and
5 percent of the respective groups (vomiting in 10, 0, and 0).

One difficulty with the Dial Test, and

| othar procedures beiug used at the time, was
S @ ' the great range of aeymptom expression and the

lace of a method to grade or rate the alicit~

ed motion sickness symptoms. Some inveatigators
were using vomiting as an endpoint; however,
this proved unacceptable to both subjects and
observers particularly with repesated exposures.
To renedy this situation Dr, OGrayblel devieed a
wmethod for grading the severity of motion sirk-
nese (7). This wmethod for grading eymptoms
underwent sevoral refinements and was combined
with & set of head and body movements (Coriolis
stimull) to produce "& provocative test for
grading susceptibility to motion sickness yield-
ing a single numerical wcore." Thie test pro-
cedure has heen genarslly called the Corinlis
i Susceptibility Index or CSSI (pronounced sismy).

~0

DAL |

Theg CSSI test raquired a seated subject to

- make 90~ head movements 3In four quacdvents accord-

DIAL 3 DIAL 4 DIAL 6 iug to the following order: front, 11pright,

pause; right, upright, pauee; back, upright,

pauade; left, upright, pause; front, upright,

rest (Fig. 4). The chalr velocity was determin-
Figure 3 ad by eeveral preliminucy testw and question-

N St = 5 naireu and was liwited to one of the following

Dial Teat bial setting sequence constuant velocities (2.5, 5, 7.5, 10, 12,5, 15,

20, 25, 30 rpm). The CSS1 scores were coumputed
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by multiplying the number of head movements at the testing rpm by a
the average relative stimulus effect of a single head movewent. In a aseparate study,
Miller and Graybiel (17) found that the E factor could be expressed as a linear function
of chair velocity (log x log) and that the duration of the test was ugually less than 15 4
minutes., Fig. 5 shows a distribution of CSSI scores for 250 normal subjects (aviation |
relatad personuel). TInapection of the distribution reveals a strong skew toward high
scores. Remember that with this test a low CSS5I gcore indicates high motion suscepti-
bility whereas & high CSSI wscore indicates considerabdble immunity to motion gicknass. The
distribution of scores on thie test seems to suggest that it would de best wuited for i
datecting individuals who are relatively resistant to motiom sicknesu,

factor E which was

To summarize these two awproaches to Coriolis
atimulug tasting: the BVDT involves rating the de-
gres of gymptom exprassion to a nonvariable physical
stimulus set (10 head movemante over 5 1/2 minutes),
the C$SI involves always taking the subject to a
selectad symptom level and then rating physical
stimulus on tha basis of its average vestibular
stress volua (E factor times the number of head
movemants)., As currently designed each procudure
results in & strongly skewed distribution of scores.
The EVDT may bei":r detect an extremely susceptible
individual and :%s CSST may better detect an ex~ !
tramely resistant individual, Neither test attempts |
to provide a measure of sdaptative potential.
Adaptative potentisl is a factor that will have to
be measured if we are to improve these rating meth~
ods; howavar, the problem ia how to do this both
accurately and with a short periocd of testing. It
i¢ my opinion that the two or three repeated ex-
posures will not provide an adequate estimata of
adaptability., Howsver, & sscond exposura to a
cross-coupled stimulus will probably yield a better
estimats of current susceptibility since it will
not be contaminatad by the unaxpectednesn of tha
experienced motion (occasicnally a 'fear' raeactlon).

L

VISUAL=-VESTIBULAR CON?LIC! TESTS

Visual-Veatibular Interaction Test (12, 13, 19)

Figure 4 In the Visual=Vestibular Interacction Tewt
(VVIT) the erectly seated § is pagsively and
Diagram of standardized procadure sinusoidally oscillatud ag 0,02 Hz with a peak
for making each sequencae of sngular velocity of + 155" /¢ while ha attempts
hed movemeuts to and from tilt to retrieve data Erom a visual display. The axig

pogition 1 through 5 during
chair rotstion
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of votation is vertical and the S is encapsulated within a chamber (Fig. 6) which re~ i
maing completely dark until presentation of the visual display (Fig. 7). Subjects are !
instructed to use the coordinate system to find the correspounding digit embedded within i |
the matrix. Once the digii is located, the § reports it along with the next two digits ‘ '
below it. Coordinates are iseuad via a tape racording every 7 &, with a total of 42
commands. Following the teat each student completes a brief questionnaire concerning
his reaction to tha test and two observers rate the magnitude of overt motion sickness
signs. The vater, self-rate and follow-up scores on thiu test sxe almost identical to
those used with the previously mantioned BVDT procaedure, The resulting distributions
are shown in Figure 8 and again they are skewed towsrd higher scores (strxonger signe/
higher suaceptibildity).
Figure 6 '
Visual~Vaatibular Interaction Test Device .
During testing cthe black shroud completaly occluded o J
the subject'm external visual referaence. [}
It way be interesting to note that during
ABCDEFG6MIJKL devalopment of this test it was found that
the display complexity played an important role
- — in establishing the nausecgenic quelity of 1
17 1 1 82 4 3 1 6 6 9 4 the test, PFor instance, using the swswe physi- s
206 4 4 2 4 3 | a9 7T & cal vestibular ¢iimulus, a 3 digit display
was typically vnot nauseogenic whareasw a 7
3]2 2 34 7T 8 ¢ 8 | 4 8 5 Jdigit dieplay was somewhat nsuseogenic and
the 12 x 12 matrix was quite nauseogenic (122
419 9 5 4 6273583579 abort the 5 minute taest). One would suspect
8 | 4 3 68 T 7T 1 4 2 ¢ that this test would ba uselful in detecting
& thove individuals who gat motion sick while R
ej74 7T i 81 96 32 8¢ reading in a moving vehilcle (s.g., navigation
duties); however, it has a genarally low
TP 78 764 98408237 correlation with reaported inflight airsickness.
87T I 3 3 48 9 42 5 608 1 should note that with vepeated erposuras (taun
sessiona) I huve patreonally adapted fairly
9J6 2 | ¢ T 3 8 9 T2 8 8 rapidly to this wtimulus situation whersas 1
have had only limited succuss adapting to a '
lojt 7099 1866308 cross~couplad stimulus with much more exposure. 1
1Il9 36 732 2 8452 8 I aw particularly enthusisstic about this pro-
cedure since 1t offers a situation wherse the
2j2 7 ¢ 299 3¢ 181+ 7 rate and/or savexity of sickness cun apparantly
be altered by changing a static dieplay without
necessitating changes in the motion condition - .
Figure 7 in other words, wa may be able to change display
dynamics; howevar, we probably won't be abla to
VV1T Visual Display changs serodynamics.
Yhe Sudden-Stop Vestibulovisual Test (6, 11)
The Sudden-Stop antibulovisunl (S8V) teast involvaes accelsrating (15°/o.c2) & aub- -
ject to a constant velccity (300 /wec), holding at that velocity for 30 sec and then rap~
1dly decalerating (1.5 sac) to a atop followaed by & 30 sec rest. 'This basic ssquence 1is
repeatad 20 times with eyem blindfolded then an sdditional 20 times with uyes open and
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Figurae 8
VVIT rater, self-rate, and follow-up score distributions

then if necessary another 20 times again with eyes open, but using the opposite direation
of rotation. In the oyes opan condition thu subject views a dark cylindrical surround
which has 6 vertical white stripes (Fig, 9). PBach individual continues axpomsure until
they veach the slight "nausea"” endpoint as defined by the diagnostic grading procsdure
developad by Grayblel, et al. (7,14,16,17)., When this poiunt is reached each subject re-
ceives a score which 1s one-half the number of swtops with ayes covered plus the number of
stops with ayas open plus twice the number of stops after the direction of votatilon has
bean revarsed, Since this procadure has only recantly evoived, & normative data buse on &
large population is not yet available. When more data are collected with this proceduras,
the arbitrarily assignad weights for the diffaraent stop procedures can be batter svaluated.
This tewt also seems to have a noval (possibly fear) componwnt which id present on first
exposure (7/14 ahorted during eyas closed) but which is less evident on the second axpo~
sure (1/14 aborted during eyes clomaed).

Bacause we normally function with our aeyes open, particularly in motlon situatilone,
I propose thut continuad work on visval-vestibular interaction tests will prova to be tha
best predictors of motion sickness in wmost human performancs systens,

LG
ot

Yigure 9
Teust chamber and rotator uwed for the Sudde.~stop Vestibulovisual Test

OFF-VERTICAL TESTS

Tiltad Axis

Rotation Test (TART) (12)

In the
of rotation
bltndioidnd

TART, Llie eareatly stunding 8 4s securaly fastenad in a litter device capable

about an axim that can be tilted relative to gravity (Plg.

10).

The 8 is

and testod in & darkaned roowm,

In the first trial, the 8 is accslerated at

259/8* 1n & uvlockwisa (CW) direction with the axis of rotation vertical, i.a., sligned

with grsvity, The acceleration is terminated upon reachlag 60°%/w (10 rpu)

nQd this con-

stant velocity was maintained for 90 s and then tha 5 is Jdaceletatsd ut 25978

The sacond trial is ideutical to the fixst, with the exception that rotatien is 1iun &
vounterclockwiza {COCW) direction.

to a stop.

In the third and fourth trials the sxis of rotation
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ls tiltaed 30° off-vertical (Fig, 10) and, with the axis remailning tiltad, the rotation
valocitias and cecelerations deacribed in Trials 1 and 2 are repeatad. The S 1sa always
stgppad in the nose-up position. In the fifth sndznixth trials the 8 ramains tilted &t

30" off-~vertical and again 1@ accelerated at 25°/8”, A constant velocity of 102°/s (17 rpm)
i ured for this pair of trials. The interval between trigls is approximately 5 minutes.
Following the teat each subject completes a& brief self-rate questionnaira concerning his
reasction to the test and 1o ratad by obuwervers for aigne of motion asickness, The rater and
self-rate procadures are identical to those used in the previously mantionaed BVDT and VVIT.
Sinca it 1s not uncommon for wubjecte to terminate the TART prior to (ts complation, the
rataer and welf-rate scaores waere weighted with respect to the number of trials complated.
Rater and self-rate mcores of individuals complating six trisls were multiplied by 0.65,
since approximataly G5 percent of s rundom unvelectsd group of subjects completad six
triale. In a similar manner the scores of individuals completing five tvials were multi-
plied by 0,73, four trimls werae multiplied Ly 0,90, and thras trials were multiplied by
0,98, EBubjects who were unabla to complete an off-vertical trial (third trial) wera
asaigned their vaw scores. This method of weighting rater and solf-rate scores on the

TART 14 arbitrary ind may need future revision. Data distributions for an alrsick group
(N=47) and an unselected or 'comparison' proup (NwBO} are shown in Fig. 11. '

Anothey off-vertical procedura (18) has been usad to ganarate mution sickness saymptom-
ology at Pansucola; howaevar, it hase not been administarad t¢ a large normativa population,
Millaer and Graybilel (1970) rotated a memted subject at one of several selected velocitics
(%.5. §, 10, 15, 20, 25, 30, 40, 45 rpm) aud aftar 60 veconds tilted the rotuting chalr at
57/sec to a tilt powsition selectad from among 2.5, 5, 7.5, 10, 15, 20, or 25 degrees (Fig.
12), The rotation continued for one hour or until moderate malaise was alicited. With
the limited numbar of individuals tested with this procedurs, 1t appesrs that the tast
duration verics batween 5 and 20 minutes dapending on the extent of the off~vartical axis.

It may ba interssting to note that the first procadurs (TART) appsurs tu be more
nausgogenic thun the second procedure, This diffarence is moswt likely duc to tha fact that
the second procedure uses couwtant rotation for up to one hour to elicit symptoms whareas
the TART usaes a ghort saries of sccelatation/decelarations: 1In a4 blindfolded subject, the
wtrongest otolith-canal conflict would be assoolatad wilth decelerations and therefore tha
Incruased numbur of decelevations in the TART probably ascounts for its increased nausec~

genic valua, In general, these off-vertical procedures do not swem to olicit a strong
‘fear' reactdon on initicl wxposurae.

(a) Figure 10 (b)
Tilted~Axis Rotatdion Device: (a) vartical position} (b) 30 degrees off-vartical
GIRERAL DISCUSOSION

Dewirable traite for & motion sickness susceptibilivy tewt

&, Any laboratory tost of motion sickness susceptibility will bhe judged primarily on
itw abillity to generalice to other aexposuve situations. The premise that motion sickness
is a parsonal trait which should basically generalirsm across motiou conditionms 1s a wmost
dmportant cuncept snd 1is tha baels of much 5f our teating although there arvs questions abnut
idiouyncratic susceptibility to partioular motivn stimulid, With a group of unselacted
subjectu, correlations betwean the BVDT, VYVIT and TART were fairly high (ree 0.5) .-d
statlstically mignificent (12). Howsevar, with sirsick referrals the intertest corrslations
(rater und self-rate) were low »nd gererally not significant. Bacsuss thesa Lests are




29-7

intentionslly fairly mild and designed to datuct susceptible rasponders thay lack resolu-
tion among alrsick referrals. It ie poasible that resolution among aireick referralas could
ba jwproved by adjusting the difficulty of auch tast in an effort to elicit measurabla
raactisns which would better vesemble a normal distribution, In this regard, taking

every individual to & select«d symptom laval might improve intertest correlations.
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Figurs 11

Cunulative porcent distributions for TART rater and self-rate scores.

In genaral, all of these temts have had fairly low corralations with field con-
ditions. How can prediction or generalirzubility be improvad? For a mass tasting situa-
tionw (d.e., all pilot candidates), one wuuld have ko conalder reducing the false positive
pradictions and therefore un evaen mildur tast may battar ldentify the really extrems
respondar, Although the incidence of false negative predictions would be high in this
cawe, 41f the idantification of pomitiva cuses wera mlways corract, then welsction pevsonnal
would suraly be guite intarusted, £ testing ls limited to small groups or individuals,
thaen tast development should probably fouus on approximating the filald condition (both
stimull and duration of exposure) au closely as possible which ideally will reduce the
ganarallzability problam. Accuruacy of temting might aloso be lmproved by developing object=
ive physiological monitoring of symptoms instaad of relying on obuarver ratings or self-rvate
reportsa, It is my opinion that although these systums would be nice, they dare not yet
neaded, Although the methods of subjective observation are not tachnologically impressive,

thay arae more thean adoquate for identifying the mujor sickness symptoms which tend to
affteact porformance and mokdvation,

Figure 12
Diagram of apparatus used in off-vertical rotstion test.

b. A lahoratory test of motion sickness susceptibility needs & wessure of adaptative
potential. In wmost cases wherse thase testes have bean adrinistervd to the sama subjucts
on a trapeated basis the testing objective was not to messure adaptative potential but to
muasure test-retest reliability or to serve as the basis of avaluating drug effectiveneass
ete., and the intervala bLetween exposures have been long in an effort to minimize adaptative
shifts. The time involvad in repeat exposures is for many users unacceptable and Lf for
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no other reason, 1 would gurss that this approach to meassuring adaptatlve potential will
not survive. A quick measure of adaptative capacity might ultimately ba obtained by
measuring a CNS perceptual aftercffect which superfiecially may not mseem directly related
to the vestibular system (i.e,, visual gpiral aftereffact)] however, this will not be
easily accompliahaed.

Many people overlook the possibility of astimating adaptative potential by measur-
ing the magnitude snd duration of afteraffacts during xecovary from 2 singla axposure.
One problam with this approach is its dependance on a truthful subject raport, I baelieve
morn affort will be mada to muasure aftereffects particularly because of the numerous
raports of sdcknesa and eftereffects followlang flight sdmulator exjosurs., This areus will
also racaive attention due to the increaasing concern for the protection of our human sub-
Jucts once they dapart the testing snvirons,

¢, A third truit that Ly dusirable for u laboratory test of motion wicknaauw is a
short administration timu. In situations where large numbare of flight candidates arae
being testad, 20~25 individualse must be tested in no more than 3-4 houra. Thim factor
losas importance in situations limitad to small groups or individual subjects,

d, Ideally thae perfect motion sickness suscaptibility tast would not nmed specialized
aquipment or highly trained personnal = and thuu the cowt of administration would remain

low., This d¢ the least importunt factor and could be overlooked 1f the other factors
can be maximized,
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Opinions or conclusions contained in this report are those of the suthors end do
not necsswserily reflect the views or endorvemant of the Nuvy Department,

DIgCUsB1ON

KUEHN: T1'm interested in your vemarks on the complexity of a target and proclivity to wotion
sickuess. 1'va alvays thought that distraction of the typs you indicated reduced incidencs of motion
sickness, yet you imdicate that it might be worse, ‘This has implicatious for space wmotlou sickacss.
Perhaps soms of our space protocols should bs wore simplified than they ave.

LENTZ: Yes, it seews oruclal, As you inorassa display complexity it appests that you also in-
coeave wotion sickness incidence (exemple 3 digits = 7 digits = 12 x 12 matrix),

JONES: Our experiance hus beon that woms fliers gatting airelek try to ignore their premonitory
symptoms and thus find themselves.,rather suddenly vomiting. This is the antichesis of what our lab
was teaching, that they should sttend te their symptows and diminish them by relaxstion procsduras.

Gould this effect at lesst partially account for your finding that complexity of visual task vas poci-
tively sssocisted with motion sickuess?

LENTZ: Ia many osses a sweceptible idadividual concentrating on performing the wmatric tesk
without orror and haviog wo errcy still exhibited very strong raussogeuic vespousss. In sum, just
concentratiug on the task dogun't seew to alleviate tha sicloess much,

MONKYt I understand that the Iscaeli airforce uses a technique whareby eazly im thn selection’
proness the candidate prospects ave put into a transport airoraft.

LENTZ1 If wa look af people who are not eick and I'm talking abont the P3 aircceft now, I don't
have the information for all of the diffexent squadrons, theu ouly L7% of thoss are guottiug siok whem
they get into the fleet readinsas squsdron in the P3 alreraft,
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RESULTS OF A LONGITUDINAL STUDY CF AIRSICKNESS INCIDENCE
DURING NAVAL FLIGHT QFFTCER TRAINING

by
W C. Hixson, F. E. Guedry, Jr., and J. M, Lentz
Naval Aerospace Medical Research Luboratory |
Pensacola, Florida 32508

SUMMARY

This paper outlines the results of a longitudinal study of airsiokness in e large
sample population of Naval Flight Officers (NFO8) being trained to perform variocus
nonpilot flight duties prior to assignmant to operationsl fleet aguadrons. The study has
concentrated on the acquisitlon of airsicknesas data on an individual student basis as
training progressad from the basis/primary level through the advanced/secondary level to
the flest readiness squadron phase for each of the major NFO training pipelines. The
primary objectives ol the study were to define the incidence of airsiakness in each of
the training squadrons and to identify differences in the motion stress exposure
asscclated with the different pipelines that ocun affeot deuisions on the initial
selection and assignment of NFO candlidates, A secondary objective was to relate the
inflight airsioknesa datm to the results of several short testa of motion reactivity
given to & sugment of the study population prior to their beginning flight training.

INTRODUCTION

This paper is a summary of a series of research reports (7~13) dealing with a
longitudinal study of airsiokness in Mayal Flight Officer (NFO) atudents being trained to
parform spaecialized nonpilot flight duties aboard various fleet aircraft. As a matter of
background the longitudinal study origilnated as a rasult of numerous alrsickness problems
and questiona that were. directed to this aotivivy by training ocowmend personnecl
responsible for delivaring qualified NFOs to the flest, by flight surgeons responsible
for the medical management of naval aviation uirorews, and by career naval sviators and
flight officers experiencing chroniu alrsickneas difficuities during performance of their
fleat flight duties., Training command personnel railsed questions ooncerning the overall
conat of the airsiokness risk to the NFO training program, Speocifioc problems included |
degraded flight performance of alridick students, the need to repeat hops when performance
was lnadequatn, loss of personnel und training time due to airsiokness-related attrition, '
the usage of airaiokness medlcation over an extended period of the training progrsm, and
the ooccusional graduation of airsick NF( students who were able to acmplete the trnlning

rogran but oould not perform adequutely in the fleet. Concern was also expressed about .
he need foi laboratory tests to medionlly screen airsickress susceptibles early in the
training program to reduce the costs of*mid« or lave-terw attrition.

Similar questions were raised by flight surgeons who were dealing with airsiock
fiight perionnel. They were interested in more spesific knowledge of the profile of
airslokness during NFO training apd on into the fleet; the basic causes of airsickness;
the probabllity of eventual sdaptation to rlight given by & particular history of motion

siockness; the uss of medication, espscially with provooative hops, to assist in the j
adjustment period; and the probability of recurrence of motion sicknensa with new fleet \
sssignments. They also were lnterested in the availability of preflight laboratory teats

that wmight identify individuals in need of early treatment and/or &lternativa naval

service, and in apecisml olinicwl tests that would aid in a comprehensive avaluation of
specific alrsiok omsea, In addition, this amctivity wus often contacted directly by lleet ‘
airorew suffering repeated airsiokneso difficulties who raised questions similar to those !
of the {light surgeons.

Alrsiokness problems have long existed in milltary aviation and are neither now nor
unique to the HFO population. During World Wer II, Hemingway (6) reviawed numercus field
studles conducted by the military which indicated a high incidence of airsicknesa during
various phases of flight training for boeth pilot and nonpilot aircrew groups. In this
and later reviews (1, 18, 20) it was shown that though the pilot and nonpllot groups were
both at risk relative to airasickness, the latter group generally suffered the highost
inaidenoe rute. Recognitlon of airsiokness as & ocontinuing blomediocsl problem is also
narked by efforts that have been taken to develop desenaitization procadures for
susceptible milivary mirorew (2, 3, 4, 5, 14, 16},

Since few opdrational duta were available on airsickness problem during NFO
training, a first step in addresdsing some of the above stated questions and problems
involved desoribing the inoidence and severity of airsickness rnormally experienced by the
NFO population., To this end, a longitudinal study of alrsiokness in a large sample NFO
population was initiated to follow atudents through the basioc (primar{ leval), advanced
(secondary level), and fleet readincas squadrons ocomprising the NFO training syllabus.
The primary objectives of the astudy were to defins the relative magnitude of thae
airsiokness problem during sach phas¢ of training on an individnel squadron b.'i‘i and to
identify di“ferences in wotion stress exposure associmted with the different pipelines
that can aftect decisions on the initial seleation and assignment of frlight permonnel.
The study also gained a swcondary objective through the oooperation of the truining
command who allowed & large segmert of the NFO study population to be axposed on a
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one-time noninterference basis to several short laboratory tests of motion slokneas
reactivity prior to bheginning flight training. The objective hure was to obtain snme
insight into the avenuss that might be followed in the future to develop and validate
teats of motion reactivity that will have high prediotive value in the eurly
identification of airsick susceptible individuals. In this respeot, the inflight
airsickness datsa collected during the longitudinal study were intended to aserve the dual
function of defining the magnitude of the NFO airaiokness problem and establishing
validation ariteria for measurement of the relative effectiveness of candidate motion
reactivity teats,

PROCEDURE

h blook diagram of the NFO training pipelines included in the atudy is shown in
Flgure §. All NFO cendidates receive their basic flight training in Training Squadron
TEN (VT10) prior to being selectively assigned to one of four advenoed plpelinas that
lead to type-specific training in 14 different fleeat readiness squadrons. Advanced
training in the Mather Air Force Base (MAFB) pipeline leada to Fleet Readiness Squadron
(FRS) training in the P2 airuraft. In Training Squadron EIGHTY SIX (VT86), students who
follow the Advanced Jet Navigation (AJN) pipeline receive FRS training in
attack/antisubmarine alrcraft including the A-6, EA~6, and the 8-3; while those who
follow the Radar Intercept Officer (RIO) pipeline are assigned to F-U4 or F=1l FRS fighter
squadrons, Those students that follow the Airborne Tactical Data Systems (ATDS) pipeline
recoive FRS training in E-2 squadruns. Upon cumpletion of FR3 training, the graduate NFOa3
are generally assigned to an operational squadron for fleet duty.

The study was {nitiated in VI10 where the incidenae and sevarity of airsicknesa that
ooourred on each hop by each participating student was dooumented by means of a
questionnaire (7) with separate sections for the student and instructor aevaluations of
the students uirslckness reamotions on the given hop. In general, each hop (a formally
defined component of the squadron flight syllabus with a spevifio training wission or
obhjeative) involved a single flight of the atudent. However, there were rare ococasions
when & student flew two different hops on m single flight. On the atudent componant of
the questionnsire, the atudents ware aasked to rate their airsickness symptoms as not
present, mild, mo&.rabc, or severe with these responses scored (weighted) on an integer
suale of 0 to 3, respectively. A seoond question wuzked the students to provide
correaponding sceled judgments for the aemount of inflight performanace deyradation that
they may have experienced as a result of airmickness, A third queution uddressed the
number of times vomiting ocourred on a given hop with zero, one, two, or three or more
vomiting incidents being scored on a 0 to 3 soale, raespectively, The inatruator
questionnaire required the instructor to make similar judgments ¢n the same three items.

The same student/instructor questionnaire used to evaluate the incidence and
severity of airsiockness during baslo training “‘n VIr10 was also used in the VI86~AJN and
VT86-RI0 advanced training pipelines. For the MAFB pipeline and for all of the
individual fleet readiness squadrons, a modified questionnaire of near ldentioasl form was
utllized to colleot cvorresponding data on an individual hop basis with the wxception that
only the students rated the incidsrce and magnitude of their airsiokneas experiencer.
Throughout the ocourse of the study, enphasis wes placed on ensuring the participating
students that their questionaire responses would be treated in confidential fashion.

As outlined in the first report (7) of the longitudinal study, the questionnaire
responseys weare than ocouputer-storsd on an individuale student/individualehop basis for
each asquadron involved in the study. The same computer file strusture was alsc used to
atore the results of several laboratory-onnducted motion reactivity teata given to a
large asgment of the NFO atudy paopulation prior to their beginning flight training in
VT10. These data included results from a wotion sickness history questionnaire (19); a
Brisf Vestibular Disorientation Test (15); and a Visusl/Vestibular Interaotion Test (15).

As the students progressed through the basic, advanced, and FRS phaoes of NFO
training, the computer-atored questionnalre data were extracted on sn individual student
bausis and used to caloulate unwelghted and weighted indices that could be used to gauge
individual susceptibility to airsiokness during esch phase of training. The funotion of
these indices was to allow gomparisons to be made among different aguadronas ahd among
different training pipeélines. 1In addition, they served the further function of relcting
an individual's airsickness during basic training with subaeguent airsickness in advanced
and fleet readiness sguadrous, For emch student unwelghted flight ilndices were caloulated
for th; airsickness, vomiting, and performance degradation elements of the quusticnnaire
as follows:

Number of Hops Response Experienced
UNWEIGHTED FLIGHT INDEX & meeuurtm—caw B SISV "I T
Total Number of Hopa Flown

where no weight was given to the severity of the response; L.e., attention wus glven only
to the fuct that & response such as airsickness coourved on a flight without regard to
ity severity. Accordingly, the unwelghted indices simply repreyent the percentage of the
total hops flown in a given sguadron where the denoted response such an sirsickness or
vomiting oocaurred.
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NAVAL FLIGHT OFFICER TRAINING PIPELINES

FIGURE I

Blogck diagram showing the major traeining pipelines followed by Naval Flighlb
Officer (NFO) students as thay progress Lhrough the NFO flight program.
All students roeceive baesio (primary level) flight training in Training
Squudron TEN (VT10} and then are assigned to ona of four advanced
(secondary level) squadrons prigr to receiving type-specific training in
one of fourteen Fleet Remdiness Squadrons (FR8). The HAFE pipeline leada
to FRS training in the P-3 airoraft; the VIB6~AJN attack pipeline to A-
EA~6, and 8.3 FRS training; the VIB86-RIO fighter pipeline to F-4 and Foil
FRS training; and the ATDS pipeline to E-2 FRS training.
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The weighted indices were derived similarly with the exception that the 0 through 3
integer values used to scale the magnitude of a given questionnaire {tem on a given hap
was inocorporated into the caloulations, For example, if a student reported kthat on «
glven hop he was not airsick, he would be asssigned a response rating of 0) Lf he reported
axperiencing mild, wmoderate, or severe airsiokness, he would receive a response raving of
1, 2, or 3, respectively, for that partioular hop. The response ratings received on each
hop flown in a given squadron were then summed and used to calculate & weighted index
that was normolized to have a maximum value of 100 as follows:

Sum (Individual Flight Responae Rating) x 100
WELGHTED FLIGHT INDEX £ meemccmcmscmeccmmm e wam— it nn——n— ammae me-
Total Numbsr of Hops Flown 3

To illustrate, a student who reported being mildly alrsick on half of his hops and not
airsick on the remainder would have an unweighted airsioknesa index of 50.0 and a
welghted Index of 16.7, while a student who was severely airsick on half of his hops and
not airsick on the remulnder would also have en unweighted index of 50.0 but his welghted
index would rise to 5G.0, The inatructor questionnaire data were also used to separately
cal:ulabo instructor-based unwelighted and weighted flight indioces for each individual
student.

RESULTS AND DISCUSSION

Over the course of the longitudinal study, airsickness datu were collected on a
total of 28,383 hops flown by 796 students as they progressed through the NFO training
program, A summary of the inoidence of airsickness, vomiting, and inflight performance
degradation due to airsickness us repcrted by the participating students is presented in
Table I for esavh phase of training. In this table, inocldence i3 expressed asn the
peroentage of the total hops flown in a given phase where the denoted airsiokness-related
response was reported to have oocurred without reference to the response magnitude, For
the advanced and FRS phuses, sepurate breakdowns are given for the principal training
pipelines as well as a subtotal that combiner the pipeline data.

TABLE 1

Summary listing of the peraent incidence of airaickness, vomiting, and
performance degradation due to alrsickness reported by the NFO
population during the basic, advanced and FRS phoses of flight training
for different pipelines. Inocidence is expressed as the peroentage of
the total hops flown in a given phase of training where the denoted
airsioknesa avent ocourred.

—

Phuwe of Numbat of Total Hopae Alrgleknens Vomiting Parf.Dagraud,
Trainiug Students ¥lown Percant-hops Vercent-hopw Percent-hops

Bawic Training

VT1i0 796 10,759 194 9.2 12,7
Advancad Training
VT86~AJIN (Attack) 226 3,385 10,7 4.1 4.3
VI86-R10 (Fighter) 185 4,120 16,9 7.5 5.6
MAFB (P-3) 132 1,794 2.6 0.2 0.5
Subtotal $43 9,299 11.9 4.9 4,2
PR Training
Attack 120 3,269 9.2 3.9 4y
Fighter 89 3,661 447 2,1 2.2
pe3 128 900 15.8 4,7 8.3
E~2 35 495 400 0.6 3.0
Subtotal 372 8,328 7.6 3.0 3.6
Total - ALl Phasas 796 28,383 13.5 5.9 7.3

As shown in Table I, the highest incidence of alraickness problems occurred during
basic tralning in VIi0 as would Ge expeuted. Of a total of 10,759 hops flown,
airsickness, vomiting, and perfornance degradation occurred on 19.4, 9.2, and 12.7
percent, respectivaely, of the flights. During odvunced training, corresponding figuras
for all pipelinean combined declined to 11,9, 4.9, and 4.2 percosnt, respectively, For the
final FRS phase of training, a further deoline to 7.6, 3.0, and 3.6 peraoent,
respectively, was noted, These ruw data show & general decline in airsiokness
diffioulties as training progresses with the incidence during the FRS phase beinyg roughly
one=third the inoidence during baslc training which should be expected as the result of
some adaptation to flight stress. The totmlized dats shown at the bottom in Table 1
indicates that 13.5 percent of the 28,383 hops flown by 796 NFO astudents involved
alrsivkuess. This is similar to the inocidence data rofortod by MaDonough (17) where 15,6
percent of U,534 flighta flown by navigation students involved airsickness.

Although the subtotel dats presented in 7Table I for tha advanced and FRS phases
shows this gradual decline in inoldence a8 training progresses, considersble variations
oocur when the pipelines are trewuted independentiy. For example, during advanced
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training in the altack pipeline, alrsickness incidence (10.7 percent) was approximately
half the 19.4 percent basic %raining incidence while the fighter pipeline incidence
(16.9) percent showed a much slighter decline. However, when the FRS phase of training
was encountered, the atbtack pipeline incldence (9.2 percent) remained near its advanced
phase level while the fighter pipeline incidence (4.7 percent) fell to below one-third
its advanced level. The most significant difference occcurred in the P-3 pipeline whare i
airsickness {ncidence fell to 2.6 percsnt during advanced training but rose ta 15.8
percent during FRS training.

To further define these pipeline differences, a Kruskal-Wallis one-way unalysis of
variance Ly ranks tezt was utilized to compare the performance of the NFO students across
the four different pipelines. The results of this test are summarized in Table 1I where ]
the rows with the BAS~prefix represent the unweighted uirsiokness, vomiting, and
performance degradetion flight indices received during basic training in VT10 for each
pipeline; the rows with the ADV-prefix represent the corresponding flight indices
received during advanced training; and the rows with the FRSeprefix the same for fleet
readiness squadron training. The rows with the MEAN-prefix represent the simple mean of
tho flight indices received by an individual during the basic, advanoced, and FRS phases.
For each of the pipelines, the mean, standard deviation of the observationa, and number
of isggdenta inuluded in the analysis are separately tabulsted for each flight index
varlable,

TABLE II
Results of a nonparametric Kruskal-Wallis one-way analysis of variance

comparison of the unweighted airsickneas flight indices received by the
students in the four mejor training pipelines. See text for detalls.,

Filiight Tudex VT86~AJIN VT86~RI0 HAFE ATDS
variable H Attack Pipeline Fighter Pipauline P-3 Pipaline E~2 Pipaline
(Unwaightad) Stat, Maan 5.0, N Mean 5.0, N  Mean 5.0, N Masn 8.D. N
BAS~Airulck 29.2% 17,0 15.3 115 12,5 14,0 84 27.3 3.4 120 20.7 16;6 34
BAS-Vomit 9,2 8,5 13,4 115 5.1 9.5 84 11.7 15,9 120 10.6 13.5 34
BAS~Pexf.Degy. 19,2% 9.9 10.7 115 6.9 9.5 84 17.2 19,3 120 16.3 18,3 34
ADV~Aireick 64,1% 10,0 11l.8 112 15,3 18.4 84 2,6 $.5 108 - - -
ADV-vVomit 43,7% 4.0 7.6 112 6.2 12.6 84 0.2 1.1 108 - ~ -—
ADV~Pa¥f.Degv, 34,1% 3.4 6.1 112 3.8 6.2 84 0.5 1.8 1lo8 - - -
FR8-Alruick 27.5% 12,4 19,7 115 7.2 17.2 84 16,4 19.2 124 4,6 10.0 34
FRSwVomit 13.8 6.0 15.1 115 3,2 10,0 84 .6 11,8 124 0.7 2.3 34
TRE-Perf.Degr. 13,7 4,8 11,1 118 3.4 12,2 84 9.0 16.0 124 3.7 17.2 34
MEAN-Airsick 8.5 13,1 11,6 15 11,7 13,5 84 16,1 13,3 124 12.7 11.9 4
MEAN-Vomit 2.3 6,2 9.4 115 4.8 8.6 84 5.6 8.2 124 5.7 7.2 34
MEAN-Perf.Degr. 13.94 6.1 6.9 115 4.7 7.4 B4 9,2 10,6 124 10.0 1l6.1 34

f = 8ignificant beyond the .0l lavel; * » Significant beyond the .001 laval,.

The Kruskal-Wallils H-atabistic corrscted for tied scores ils shown in the data column ab
the laoft in Table IY where the assumption is made that H is distributed like chi aquared
with three degrees of freedom for all flight indices exaept those assocoiated with
advanced training. For these indices, only two dn?roos of freedom are involved aince the
ATDS pipeline received only academfc-related training {n the advanced phase. As shown by
the sighificance symbols located adjacent to the Heatatistic, the unweighted and weighted
airsiokness indices showed dissimilarities (i the pipeline populations that were
sighificant to the .CD1 level or better for all three phases of training. For the
yomiting indioces, diffurences occurred in only the advanced phase. In the cass of the
performance degradation indiced, differences ocourred during both basie and advanced
training and were also refleoted in the mean indices,

Prior to further discussion of these pipeline differences, rererence will again be
made to Figure 1 to desoribe some fundamentsl differences in the flight ayllabi and
student flow sassociated with the four diffesrent advanoed truining pipelines. Aas
schematimed by the two blooks drawn within the VT{0 blook at the top in Figure 1, the
flight syllabus in thia squadron was subdivided 4into two ssquential phases, All NFO
students, with the exception of those to be assigned vo the MAFB advanced training
plpeline, flew both phaaes of the flight syllabus. For Lhose students following the MAFB
pipeline, only the first phase was flown prior to assignment to advanced training. At
the time the longitudinal study was initiuted, the VYTI0 syllabua consisted of five hopa
in the first phaze and 13 hops In the seoond phase. Midway in the study, the flight
syllabus was modified to provide wight hops in the firat phase and 13 hopa in the second
phase. BSimilar changes occurred in the VT86~AJN anéd VTB86-RID flight syllabl at about the
same time while no changeas ocourred in the 17 hop MAFB flight syllabua. In subsequent
discussion, the original and wodified flight syllabji for these squadrons will be referred
to a8 the "old" and "new" flight syllabi, respectively.

The inoidence of wirsiaokness in V110, VT86~AJN, and VTB6~RIO on an individual hop
bausis is displayed in Figure 2. The top thrae grapﬁs (A, C, and E) pertain to the old
flight syllabli sssociated with theze squadrons and the bottom three (B, D, and F) to the
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new flight syllabi assoclated with the same three squadrons, For each graph, incidence
is expressed as the percentage of the total hops flown of a given classification where
airaickness (mild, modrrate, or severe degree) was reported to have occurred. The dotted
interior bars represunt the incidence as derived from the student judgments and the
adjoining oclear bars the incidence as derived from the instructor Jjudgments, The
lelt-to-right sequence of hops iuentified at the bottom in each graph ocorresponds in
general to the sequence the students flew ths hops.

Examination of Figure 2A shows that during the first phase of VIiI0 training,
composed of hops FM1 through FM5, two of the five hops involved relatively high motion
stresy with nearly 60 percent of the students reporting airsickness on FM1 and over 35
percent on FM5. Figure 2B shows that four of the eight hops (B1 through B8) comprising
the first phase of the new VT10 flight syllabus involved a relatively high degree of
airsiokness. For the second phase under both the old and new flight syllabi, a smaller
proportion of the total hops flown produced ocorresponding motion stress. Since the
students rollowing the MAFB or P-3 pipeline flew only the first phase of VT10, it would
be expected that their VT10 airsiokness indices would be higher than those students who
flew both phases of the VT10 syllabus. This difference is the primary redason for the
pipeline differences noted in the basic iraining rows of Table II.

In the case of the airsickness measures associated with advansed training, the data
of Table II are distinguished again by the MAFB pipeline whioch had the least difficultias
with airsickness. This would be axpected since the MAFB flight syllabus involved
training in %“he large, relatively stable P-U43A with most hops involving straight and
level fight. . However, when the MAFB students reached the FRS phase of their training
wnioch involved long duration missions in the P-3 alraraft, airsiockness rose considerably
as reflected by the raw incidence data of Table I and the FRS flight index data of Table
II. In effent, the MAFB group flies relatively few hops during basio training and
receives only & mild expoaure to motion stress during advanced training. A measure of
airsickness susceptibility will thus not arrive until the FRS phase of training lis
reached. Since only a relatively few hops are flown in the P-3 FRS squadrons compared to
the fighter and attack pipelines, there is a hazard that airsiok susceptibles in the MAFB
pipeline may not be identified until they receive thelr initial fleet assignments,
Acuordingly, when validated laboratory-based tests of airsickness susceptibil!tv are
f%nufgy developed, high priority must be given to thair early, application to . ,'AFB
pipeline,

Examination of Flgure 2 relative to the incidences of airsioknesu as a funation of
progress through the flight syllabus assoclated with a given squadron shows & general
trend for a relatively high inocidence rate for the first few hups of the asyllabus,
However, there is no pronounced trend for airsickness incidence to gradually deorease as
training progresses within a squadron. Instead, as shown for all squadron data presented
in Figure 2, airsickness incidence Rctually rose to a quite high level for certaln hops
flown GLoward the end of the syllabus, The high inoildence rate for these hops is
acocounted for by their related tlight missions wnich usually involved aerobabics or
advanced tactical maneuvering. In effect, conclusions oconcerning airsickness adaptation
of the HFO population as a funotion of flight exposure must be carefully weighad in
ralation to the motion streus level of each hop flown within a given flight syllabus.

Referring onea again to Table I, these incidence data provide baokground data on the
overall incidence of airsickness during th: different phases of NFO training. However,
no informntion is provided by these data relative to the wide variations always present
in inaividuul zusceptibility to airsiokness nor to the relative contribution of different
students to the overall magnituds of the airsickness problem. To provide some insight
intu this problem, the questionnaire data were analyzed to determine the number of
studeats who experienced repested airsickness during the ocourse of their training iu
salected squadrons, To emphasize the multipie contributions of a small number of
students Lo the overall airsiockness problem, the airsiokness data decrived from both the
student and insitructor questionnaires huave been plotteu in cuwmulative frequenocy
disvribution form in Figure 3 for VT10, VT86-~4JN, and VT86~RIO, In this figure, the
deviation between the student and instructor distributions reflects the tendency for the
inatructors to undecestimate the 1ncidence of airsiokness using the student judygments as
reference. This point is also demonstrated on an individual hop basis by the Figure 2
data., The percentage o. the total number of atudents who were qonsidered to hava never
experienced airsickness (s represented in each Figure 3 graph by the interseotion o7
the distribution ocurve with the ordinate axis. These distribution data graphically
illustrate the point that a small nunber of aivsiok susceptible s“udents make a moast
gignificant contrivution to the hop incidence data of Table I.

Further insight into the overall incidence of airsiokness and the uwultiple
contributions of certain students is provided by the data listed in Table III. 1In this
tahla, data columns 1 and 2 represent the number of studenis included in the study
population and the total number of hops they flew, rueaspactively, with separate listings
for VT1C, VT86-AJN, and VT86-RI0 for both the old and new flight syllabi. Data columns
3.5 describe the percentage of the total hops flown 1in a given asquadrou where
airsiokness, vomiting or performanie degradation wss involved. (These data are of the
same forw a3 those presented in Table I,) Data columns 6-8 liat the percentage of the
students who reported eoxperiencing airsickness, vomiting, or performance degradation on
one or mere hops. Data columns 9-11 1list the percentage of the total number of students
who were responsible for fifty (50) percent of the hops flown whure airsiokneas,
vomiting, or perlormunce degradi*ion was reported, i.e., Lhose students who auffered
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repeated airsiokness experiences and fell into the vpper portions of the Figure 3
distributions,

TABLE III

Incidence of airsiokness during basic training in V710 and advanced
training in VT86 ftor the attack (AJN) and [fighter (RIO) pipelines.
Columns 1 and 2 represent the number of students studied in the
squadron and the number of hops they flew. Columns 3, 4, and §
represent the percentage of the hops flown where¢ airsickness, vomiting,
and inflight performance degradation ccourred; columns 6, 7, and 8 show
the psrcentage of the squedron students who reported experiencing the
denoted response one or more times; and oolumns 9, 10, 11 show the
percantage of the students that accounted for fifty percent of the
total hops flowhn where the denoted responsss occurred.

Parcent of Total Parcent of Students Percent of Studanta
Total Total Hops Flown Where Experlencing Response Causeing 50% of
Squadron No. Hops Rasponse COccurred One orx Mors Tines Hop Responses
Stud. Flown
Alr Parf, Alr Perf. Alrx Perf.
Siek Vomit Degx. Siek Vomit Degr, Sick Vomit Dugr,
1) (2} (3) (4 (5) (6) N (8) (9) (10) (11)
vrio # 408 5,394 16 7 11 74 39 59 19 10 14
VT10 * 3s8 5,365 23 11 15 81 53 67 24 14 18
Vr86-AJN # 134 1,833 9 4 3 55 28 31 13 4 8
VTB6~AJN * §2 1,552 13 5 5 71 36 41 12 9 11
VIB6-RIO # 79 2,048 10 6 4 83 47 48 19 8 12
VI86-RI0 % 106 2,072 18 9 7 72 46 43 15 10 9
# & 01d Flight Syllabus * w New Flight Syllabus

From data ocolumns 6-8, it can be seen that for the denoted basic and advanced
training squadrons, the number of NFO students experienoing airsickness one or umore times
ranged firom 55 to B3 percent aof the total aquadron population which again is ccomparable
to that reported by MoDoncugh (17) who found that 65.7 percent of a navigation student
population experienced airsickness one or more times during training. Corresponding
ranges ware 28 to 53 percent for the vomit measure and 31 to 67 percent for the
performance degradation measure. However, the incidence of airsickness shown in data
columhs 3=5 is not at all evenly distributed over the population represented in data
columns 6-8. This is pointedly illustrated by data ocoluans 9-1t1 which show that a
relatively small proportion of students contributed moat significantly to the overall
ineidenoe data. For example, column 9 indicates that half of the hops flown in the old
VT10 flight syllabus where airsickness was reported to have ococurred was caused by uhly
19 percent of the students, This figure ranged from 12 to 24 percent across the denoted
squadrons. The contribution of students who suffered repeated experiences of airsickness
was even more marked for the vomit measure where the percentage of the students
acocounting for half of the flights where vomiting oocurred ranged from 8 to 14 percent of
the total population. Corresponding ranges were 8 to 1B percent for the performance
degradation measure. In effact, if the overall magnitude of the airsiockness problem
during NFQO training is to be aignificantly reduced, then attention wmust be given to
developing selection tests that have the potential to identify this most suscejtible
component of the NFO population prior to the time they begin flight training.

In the previous reports (7-13) detailing the results of the longitudinal study,
correlation matrices were developed using a Spearmwan rank correlation analysis based upon
aorrected “lod scores to explore the many relationsnips thet existed among and between
the flight airsickness indices and the laboratory motion reasctivity test scores. One
point of conocern addressed in the report (13) dealing with the students who successfuliy
aompleted the entire NFO treining program involved the relationship between the
airsiockness experienced by a given individual during basic training with the airsickness
he experienced during later phases of training. To this end, a Spesarman rank oorrelation
analysis was performed to determine the relationship between the unweighted airsiakness
indices received in besic training with the same indines received during advancad and FR3
training for each of the major pipelines. The results of this asnalysis, presented in
Table IV, show that the strongest relationship existed for the VT86=AJN and VT86-RIO
pipelines where the sorrelation ocoefficienta were in the range of .51 to .61 and
signifiount to the .001 level or better. For these pipelines, it is probable that the
airsickness experiences of & given student during desio training will carry over into the
advanoed and FRS phaaas, In the case of the MAFB or P-3 pipeline, a significant
relationship betweon basic and advanced treining was not realized, Again, this is
aocounted for by the low motlion atress associated with advanced flight training in the
P-43A airoraft st MAFB. However, & aignifiocant correlation was achieved for the FRS
phase of this pipeline.
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As desoribed in the Procedure section, a large sample of the NFO papulation was
given several laboratory tests of motion reactivity prior to begilnning flight training.
In the report (13 dealing with alrsiockness problems during FRS training, a tabulation
was presented (Ref 13, Table VIII) of the Spearman rank correlation coefflcients between
certain of these tests and the unwelghted airsiokness indices raceived during each phase
of training for each of the pipelines, Table V shows the results of this analysis for
all pipelines cowbined where separate listings are provided for three sets of tests. The
first set involved a two-part motion asiokneas history questionnaire desoribing motion
siockness incidence and exposure where the first part (variable 1) pertained to
experiences prior to age 12 and the second part (variabla 2) to experiences following age
12, The sum of these itwo scores is separately listed (variable 3) in Table V. The
second set of tests pertain to the Brief Vestibular Disorientation Test (BVDT) whioh is

TABLE IV
Spearman rank correlation coefficlents expressing the relationship

between airaiokness experienced during basic training with airsickness
experienced during the following adveanced and KRS phases for different

pipelines.

Basic Training Advanced Training ¥RS Training
Pipaeline Flight Indaex ADV-Airadck FRS-Aixsick
VI86-AJN BAS-Adirwick 58% WS1W
VIB86~RLO BAS=Airsick 6L 5%

MAFYB BAS-Adresick W13 380
Combined BAS-Aireick 24% V48w

% = gignificant beyond the .001 lavel.

TABLE V

Spearman rank oorrelation coefficients expressing the relationship
batween oselected laboratory motlion reactivity test scores and
unwelighted airsiockness indices received during different phases of

training.
Laboratory Alruickness Indices (Unwalghted)-All Pipelines Combinad
Test Variables Basie Hdvanced Fug Mean
No. Tast Nama Training Training Training Index
1 M8 History:Part 1 A 194 264 404
2 MS History:Part 2 VAT c20% 36N JaBw
3 MS History:Sunm HB% L 23% 36w 50k
4 BVDT:Rater Scotre J3TH .16 1 26% L38%
5 BYDT:Self-rating Score V37N L L32% 1w
6 DBYDT:Powt-rating Scorve L 28% » 14 v 25% J3Lw
7 BVDT:S5um Scoved A2 L 26% 233w A
8 VVIT:Rater Bcora o221 W12 W14 234
9 VVIT:Saelf-rating Scora 234 234 281 L30%
10 VVIT:Fout-rating Score .22 .05 .21 24
11 VvYIT:Bum Scora 2T W15 $21 L 29%

# = Significant beyond the .0l lavael; % w Significant beyond the .00l laeval.

based upon cross-coupled angular acceleration stimuli produced by paced head motions on &
rotating chair, The BVDT-Rater scoore (variable U4) involves the motion resotivity signa
jJudged to be present by observers following the test; the BYDT Self-rating (variable 5)
and Posterating (variable 6) socores involve the rating of similar symptoma by the subjeot
immediately following and 24 hours after ocompleting the test. The aum of these three
BVDT scores is repressented by vuriable 7. The Visuul/Vestibular Intaraction Test (VVIT)
is based upon the visual scan, aoquisition, and identificstion of a watrix type numerical
display while undergoing sinusoidal rotation. The symptoms were rated in & fashion
;imilar to those of the BVDT with the related test ncores listed as variables 8-11 in
able V.

All three of the motion siokness hiastory scores showed significant oorrelastions with
the airsiokness indices reowived during ewoch phase of training., Howevar, the strongeat
relationship existed during the basio phuse with the sum soore (variuble 3) diufllying
the strongest relationship. 1In the case of the four components of the BVDT, sig nifiocunt
ocorrelations exiuted with all airsickness indices except those received during advanced
training. Again, the sum BYDT score (variable 7) showed the strongest relationship. The
VVIT test ascores showed a weaker relationship to the airsickness indices compared to the

sl =
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othar two testas. However, the self-rating score (variable 9) was significantly
correlated with all four indices. Though most of these test variables have statistically
significant correlations tu the listed airsickness indices, the correlated coefficients
are not at all adequate for prediction applications. (An important point in evaluating
the relative magnitude of the correiation coefficients presented in Table V is that the
dauta are based upon only those NFO students who sucocessfully oompleted the entire NFO
training program., The analysis does not include those students who attrited from the
program or those who decided %o not ocontinue their voluntary participation in the
longitudinal study). That is, until an individual test or test battery is developed with
much higher ootrrelation coefflcients, too many students will be rejected who oould have
successfully completed the program or vice versa.

A last point involves the need for inflight validation data to establish the
relative strength of each candidate test undergoing development. Just as the individual
motion reactivity tests must be designed tn eliminate any bias that may be introduced by
the student, 3o must the method used to doocument the actual inoidence of airsiakneas
during a given flight., In this respect, heavy dependence must be placed on the flight
instructor to gauge the incidence and saverity of wirsiokness experienced by a given
student, Although the instructor will obviously identify an overt sign asuch as vomiting,
it might be argued that there would be too many limitationz imposed on hnls judgments
where airsiokness caccurred with less obvicus signs and symptonms.

The data of this study (1-6), however, have ashown a high degres of aoorrelation
betweean the student and fiight instructor ratings of airsioknesy preszent on a given lhop.
In Table VI, Spearmah rank correlatiun ocoefficlents adjuated for tied scores are
presanted which show the olose relationship between student and instruator ratings
(unweighted flight indices) of airsickness inoidence as judged to have ocourred in
different training squadrons., For all three response varlables, airsiokness, vomiting,
and performance degradation, the studunt and instructor ratings are significantly
correlated to the ,001 leval or better. The correlation coefficients range from 0.85
through 0.97 for the vowiting response as would be expested. Equally important, the
student and instructor ratings are highly ocorrelated in the range of 0.69 through 0.86
for the ajirsicknesa measure as well. The weighted flight indices, though not listed in
Table VI, @lso show corrolation magnitudes of equal or slightly greater mugnitude. In
this respect, it would appear that instructor-bmsed Judgments of airsiokness inocidence
and severity can well sarve as validation coriteria for identification of candidate tests
with the highest potential for optimizing the airasrew selection process.

TABLE VI

Spesrman rank correlation coefficlents showing the close ralationship
between the student and instructor ratings of alrsickness (unweighted
flight indices) judged to have oocurred during basio training in VT10
and advanced training in VI86~AJN and VTB86-RI0 for both the old and new
flight syllabil populations.

Student Data Instructox Data
Squadron Alxrsickness Vomiting Perf, Degradation
Flight Flight Syllabus Flight Syllabus Flight Syllabus
Indices old Naw old Naw 01d Naw

VT10

Alraickness +BO® J79%

Vomiting W93% V94"

Parf, Degradation JTLN JT5¢%
VT86~AJN

Alrsicknaus L% 69K

Vomiting J92% LB7H

Parf, Dsgradation J55% bW
VI86~R10

Alroickness W17k JB5%

Vomiting 95w L96%

Perf. Degrasdation 63% caBw

* w gignificant beyund the .00l lavel
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Opinions or conclusions contained in this report are those of the authora and do not
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CURRAN: What is the parcentage overall NFO P=3 attrition for FRS? What is the inoidence of wmo-
tion sickness for NFO's in P-3 fleet opexations, specifically low altitude, racs track pattern?

GUEDRY: We do not have information on attritiun rate in P-3 FRE but belleve that it was rela-

tively low iu our

study becausv we had a good return rate on our qusationnaires.

In snswer to the

sacoud question, we have heard that the iucidence of wotion sickoess {n P~3 flest oparations invelving
lov altitude raece track patterus is high and we have included this as part of s proposal for study in

the pext fiscal year.
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SUSCEPTIBILITY OF CAT AND SQUIRREL MONKEY TO MOTION SICKNESS INDUGED BY VISUAL STIMULATION:
CCRRELATION WITH SUSCEPTLBILLTY 70 VESTIBULAR STIMULATION

1 2 3
N. G. Daunton, R. A. Yox, aad G He Crampton

1 2 3
NASA Amus Ramearch Center San Jose State University Wright State University
Moffett Field, California 94035 San Jose, California 95192 Dayton, Ohio 45435
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SUMMARY

This paper describes experiments in which the susceptibility of both cats and
squirrel mwonkeyé to uotion sickness induced by visual stimulation is docuwentad.
In sddition, it is shown that in both species thosd individuml subjects most
highly susceptible to sicknese induced by passive asotion are also those most
likely to becoms "motion" sick from vipual (uptokinetic) stimulstion alone.

INTRODUCTION

It is well known that symptoms of motion sicknews, as well au illusions of salf-uotion
(clrcularvection and lineatvection), can be elicited in human subjects by visual stimulation alone
(1, 4, 5)« Visual stimulation has also bean shown to be effegtive in mudifying the eickness-inducing
affacts of vestibular stimulation (2, 8). Further, in recent electrophysiological studies in aniwals it
has baen demonstrated that neursl sctivity in the vastibular nuclel is wmodulated in & sinilar way by
actunl passive ginusoldsl sngular or linear scceleration of the unimal and by visual stimulation which
sigulates thosa motions (3, 10). These findings suggest that vision should play an important role in
the production of wotion sickness in sniwmal subjects 48 wall 4 in huwan subjects, aud, as in huzans,
the effacts of visual stimulstion should be gredtest in those snimals most susceptible to wotion
sickness produced by vestibular stimulstion.

With the excaption of the report of motion sickness in one squirrel monkey expossed to sinusaidal
yav=axis optokinetic stimulation (6), the susceptibility of animuls to visually induced motion sickness
has not been documented, not has the relationsiiip butween suscepiibility to motion sickness inducaed by
visual ve. vestibular stimuli been addressed. The studies repurted here vera designed to investigste
thesa factors in two spacies, the cat snd the squirral monkey, In these studies animuls wers subjected
to pasaive accelerstion provided by a two-pola swing (cats) or Lo passive rotation (monkeya), and to
visual (optokinetic) stimulation which simulated these woticus. Levels of susceptibility to visual
stimulation alone vexe compsrad with those fqr the sawe snimals exposed to the associated vastibulsy
stimuli to obtain a better understanding of tha rols of vision in the production of wotion sickness.
The data verc also anaiysed to dateruine how consistent the trait of susceptibility is sacross different
stinulus conditions.

METHODS

Cate.

Twenty matuve 'feuala cate were axpossd to two conditions of visual snd vestibular stimulation while
froe to move within & clear Plexiglam cage (46 cm X 16 ¢ X 2) em). Aulmals were exposed to motion for
a period of 20 min or until vetching/vomiting plus 5 min, whichaver period wss longer. A period of not
less than 30 days intervensd betwean each of the tasts.

Coabined visualwvestibular stimulation was provided by a two=pola swing with a radius of 1.8 u, a
fraquency of 0.37 He, an arc of 1.0 vad, and a vertical displacament of 0.9 w. This swing vas suspended
within a laxge bux~like enclosure, the interior of which was covered with patteraed wallpaperx aud
illuasnated with a 100 watt bulbs A ona~way vision port for observation of the sanimal was situsted at
one wnd of the box, The swing was manuslly pushed to provide the vestibular stimulation.

Visual stimulation aione vas provided by the sius two-pole swing and enclosura used in the cowbined
stinulus condition, but in the Visual Only Conditi¢n the swing holding the cat remainad stationary,
while the enclosurs was swung at & frequency of 0.28 He, with an arc of 1.0 vad. The visual stimulstion
was thus nearly, but not exactly, the same in the Combined Visual~Vestibular and the Vieual Only
Conditions. For the Visval Only Conditiow both obsevvation ports were coverad with one-wsy vision
naterial,

Four additional wotion sickness~inducing conditions involving visual~-vestibular stimulation were
usad in an assessaent of each subject’s level of susceptibility to motion sickness. In Condition 1, s
turntable was used to rotate the animaly at 120 deg/secs During rotation the cage holding ths snimsl
vas tilted 7.3 deg above end below the horisontal plane at a frequency of 0.6 Hx. In Condition 2 the
cage holding the animal was suspended from the und of s tilting beam which oscillated ovexr a vartical
distance of 2,1 w at 0.12 Hy. In Condition 3 the tilting beam was used to provide vertical oscillations
at 0,42 He with a displacewent of 1.0 ms A two~pole swing similar to that described for the Combined
Visual=Vestibular Condition wae used to provide the stimulus for Condition &, In this condition the
swing had a vadius cf 3.7 m, a frequancy of 0.27 Us, an arc of 1.5 rad, and a verticsl displacemsnt of
1.0 ws 3oth viseual and vestibular stimulation were provided in there conditions, since the aunimals
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could view the room through the Plexiglas cage during cach of these tests. In all of these test
situations retching/vomiting was detectued by visual observation.

tonkeys .

Squirrel wonkeys were exposed to tha vigual and vestibular atimulation while free to move in a
clear Plexipglar cage (52 cm X 23 vw X 30 cm), Each test senslon lastad until 5 win after the time of
retching/vowiting, or for a& muxlaum of 30 min if vomiting did not occur« An interval of at least 30
days without testing wus maintained between experimental sessions.

In the Combined Visual-Vestibulur Condition the dnimale were rotatad by & turntable (Goerz Modal
611) whila able to view the interlor of tha test room (a4 2.3 uw cuba). Tha canter of the turntable was
located 1 w from the nearest corner on a4 room diagonal, In this condition the animals could see the
observers and other contents of the test ruom, and therefora wate expowed to very complex visual
sutimulation during rotatlon.

1n the Visual Only Condition visusl, stimulation was provided by an optokinetic drum, the tneide of
which wus covarud with altervating white and dark green stripes, esch subtending & visual angle of
opproximately 6.5 dage In this condition the animal remainad on tha stationary turntsble while the
optokinaetic drum votated around the animal, providing optokinetic stimulation.

Two additlonal conditions (Vestibular park and Fixed Viwal-Vestibular), swtudied extenuively in
another experiment (2), were usad in the amsesemant of susceptibility to visual and vestibular
stimulation, In the Vestibular Dark Condition tha turntable holding the animal was rotated {n the dark,
und the animual vdceived no visual stimulatlon. In the Fixed visual-Vestibular Condition the opkokinetic
drum was coupled or fixed to the turntable and votated with the anlual, so that no optokinetic
stimulation was produced by the rotation of the turntable.

Two different angular velocities wure ueed to aesess the effectu of frequancy of vieual stliuulstiod
and amplitude of vestibular stimulation ou relative provocativeness of cha stimull and on the
corcelation betwean suscaptibllity to visual ve. vestibular stimulation. Kach woukuy was exposed to
wach stioulus conditlion at both 60 and 150 daeg/s. Motlon mickness was assessad by deternining latencies
to vetching/vemiting by sudio wonitoriung.

RESULTS

Catu.

Two cate out of the 20 tested (10X) were made wotioun sick to tha polnt of vetching/vomiting under
the Visual Only Conditions The latancies tu the first retching/vomiting episode for the two catw were 2
win and 19 mine Five of tha 20 animals (25%) were made wotlon sick by the cowbinad visual-vestibulay
stinulation, The latancies to the flrat retehing/vowicing episode ranged from 5 win to A7 wins The two
animals which bmcame slek in the Visual Only Coundition were aluo made sick by the coubined
visual-vestibular stiwulation. llowsver, tha resaining three animals which wers sueceptible to combined
visual~vestibular stimuletlon were not made wick by visuul stimulavion. Thus, although neither stimulus
produced high races of sicknusé in thase cate, of those snimalm which ware made sick by combined
visual-vestibular stimulation a4 subsot wis wade sick when exposed to visval stimulation alonae.

To dateruine whather there is & relatlonship betwaan susceptibility to visual and to vastibular
stimulation, two cowparligons wure wade., One comparison involved determining whather the animals wbich
ratchad/vomited to vieual stimulation wera those individuals with tha shortewt latencles to revehing/
vomiting in the condition invelving combined visusl-vestibular stimulation. If the animala which
retched/vomited 1o the coubined condition uce runked in order of uscending latencles, with & rank of 1
helng the shortest latency (5 win) snd @ vank of 5 being the longest latency (17 win), it was found that
the animale which retched/vowited to visual stimulation wete tiot those ranked 1 and 2 ou the combined
stimulus, but rather thoga ranked 3 and 4. Thus, the tuo cats which retched/vomited to vieual
stiwulation wera not tha most susceptible animaleg if latencles to retching/vomiting on the combined
visual-vestibular test arv used &8 the criterion of auscaptiblilty.

Anpthar weasure of suncaptibility is svailable, towaver, sines all of thase animalp had been tested
for motion sickness In the four additional conditions involving rotation, vertical cucillation, aad
uwwingings If unimals ave rvanked on the basis of each of their rasponses in five repeated trisls on esch
of the four additional motion sicknass tests (a4 total of 20 test semsionn), with Rank 1 assigned to the
animal having the highest number of tast sessions in which retching/vomiting occurrud, then the two
animule which vouited to visusl etimulation wore ronked 1 {vomited 10 times) and 2 (vomited 5 times) for
susceptibility, By this measure, the animals made sick by optukinetic stimulation were indesd the wost
sugceptible catu.

Monkuys,

The parcentage of wonkeys tetching/vomiting ln the Visual Only and Cowbined Visual<Vastibular
Conditions and the wedian latency to the first sicknass apisode are shown in Tabls 1 for both sngular
valocities. Tha high percentuge of animals vouiting to visual etimulation alone wis quite unexpected on
the besis of the data from the cat and from human studies, both of which typicully show that
susceptibilicy to visual stimulation is much lower than that to combined visual-vestibular stimulation.
1n this study the incidoncy of vomiting ut the lower velocity was the came with visual and coubined
stimulation (p > .50), but tha latency to sicknemss was shorter in the Visual Only Conditlon (p < .01).
At the higher velocity, where grester vastibulax effects wouid bs expected, the {ncidenca of wickness
was graater (p < ,0%) and the latancy to sicknews was shorter in the Combined Visual-Vestibular
Condirlon than in the Visual Only Condition (p < .05).
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Table 1. Medlan Latency to Retching/Vowiting and Percentage 1
of Animals Sick in Each of the Test Conditiona (N = 27), |

ANGULAR MEASURE VISUAL COMBINED
VELOCITY ONLY VISUAL-VESTIBULAR
MDN. LATENCY 10 25
(rin)
60 deg/s
Z-age SICK 74 70
MDN. LATENCY 11 8
(win)
150 deg/s
X-age SICK 81 100

To avsess whathor the highly susceptible snimals wers more likely to becoms sick when exposed to
the optokinetic stimulue, those animals wout and lsast euscaptible to sickness in the Combired
Visusl-Vestibular Gondition ware sslectad as represantative of tha extremes of susceptibility induced by
rotation. Animsls with the 7 shortest and 7 longest (highest and lowest 25%) latencies from the
extremes of the retching/vemiting latency dilstribution for asch angular valocity were taken as
repredentive of the laast and most susceptible subjects for that veloclty. The mean and wadian
latencies to retching/veuiting to optokinetic stimulation at each aungular velocity were then calculated
for these highly susceptible and resistant animals. These data are shown in Table 2. Animals
clussified as susceptible to the combined visusl-vestibular atimulation had shorter median latencles to
. retching/vouiting induced by optokinatic stimulation than did thosa classified ss veslstant. This
) rulationship cccurred for tests run at both 60 deg/s (p = .04) and 150 deg/s (p = .03) showing that
! animals susceptible to combined visusl-vestibular stimulation were also those most susceptiblie to visual
stinulation,
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Table 2. Mean and Madisn Latency (uin) to Retching/Vomiting Induced by Visual ’
Stimulstion ot 60 and 150 deg/s for Animals Selected u» Susceptible and
Resistant on uhe Bapis of Combined Visual-Vestibular Stimulation.

i

i
i
!
1

MEASURE 60 deg/s 150 deg/s

Resistant Susceptible Resistant  Susceptiblae
MEDIAN 26.0 7.3 22.0 4.7
MEAN 20.3 10.8 20.9 10.0 h !

1 This conclusion {s based upon an analysis of the relstionship batwaen the latencies to

' ratching/vomiting for anfuals repradenting the extreass of the susceptibility spectrum, l.s., those

: which wera either very susceptible or very resistant. Such an snalysis could be misleading, since any

, relationship could depend predominately upon extreme rangus of susceptibilty, and thus might not raflect
" dccurately the responses of the entire population of subjects,

To examine this iseue further, we obtained correlations betwden sickness latencies from all monkeys
across the four different sickness-inducing conditions, including Visual Only, Cowbined Visual-
Vestibular, Vestibular Dark and Fixed Visual-vestibular Conditionss The correlations betwsen latencies
obtained during visudl stimulation slone and thoss obtalusd during the thres other conditions of
. stiuulation sre shown in Table 3. ‘These vesults indicate that at 60 deg/s (upper portion of tha table) k-

o ' tha lavel of sickness evoksd in individual snimsls by the optokiaatic stimulstion is predicted better by g ~
, the response of thews animils to the Fixed Visusl-Vestibular Condition than it is by the response to the N
| Combined Visusl-Vestibular or the Vastibular Dark Conditions. Conversaly, sickness evoked by the
optokivatlc stimulus at 150 deg/s (lover portion of the table) is predicted better by the data obtained
from the Combined Visual-vestibular Condition than by those obtained in the other two conditions.
Pradictlons about susceptibility to visual stimulation based on data obtained during vestibular dark
stimulation, & condition not involving visusl stimulation, is poor for both angular velocitiss.
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Table 3. Correlations Detween Latencies to Retching/Vomiting (8 = 27).

60 dag/s
VESTIBULAR COMBINED VISUAL- FIXED VISJAL- VISUAL
DARK VESTIBULAR VESTIBULAR ONLY
VESTIBULAR DARK 1.00 0,18 0,19 0,08
GUMBINED VISUAL-
VESTIBULAR - 1.00 0.28 0.36
FIXED VISUAL~ ’
VESTIBUALR - - 1,00 0.53 #
150 deg/s
VESTIBULAR COMBINED VISUAL- FIXED VISUAl= VISUAL
DARK VESTIBULAR VESTIBULAR ONLY
VESTIBULAR DARK 1.00 0420 0.34 0.13
COMBINED VISUAL-
VESTIBULAR - 1,00 0.74 % 0.56 W
FIXED VISUAL~
VESTIBULAR - - 1,00 0.41
*
p < «05
DISCUSSION

These studies indicate that in animal subjects, as in nan, sotion sickness can be elicited by
vigusl stimulation slona, a condition which involves no direct stimulation of the vastibualsr end organs
by puysive wotion, Thin study has also shown that & subject”e suscaptibility to sickness induced by
optokinetic stimulation is predictable from information about that subject”s susceptibility to other
wotlon conditions., In ganaral thase data indicate, as do data from studies with human subjects, that
thoue individuals that ere highly suscuptible to wotion sickness induced by psssive motion are wmore
likaly to bacowme mick, and/or become sick wore rapidly, to visual stinulation slone, than are subjects
that are relatively recistant to sickness induced by passive rotetion.

While velative susceptibility in this population iy predictable batwesn wome conditions, the
deteruinants of this prediction are not clear: Current thaorims of wotiom uickness (7, 9) wuggest that
aleknass-avoking properties of a situation depend upon, or avolve from, a complex interaction of
stimulus characteristice and/or effects, Presumably thewe inteuxsctions among the visual, vestibular,
and proprioceptive systems occur while the indivlidual is maintaining postursl and oculomotor control and
parforming goal-directed behaviors. The fact that, as shown above, corralations exist between diffarunt
conditions at the two different velocitias of e¢timulation implies that at the lower velocity, production
of sickness in tha Visual~Vestibulur Fixed and Visual Only Coaditions had some particular combination of
visual~vestibular-proprioceptive faitore in common. At the higher valocity the rvelationship among thass
factors wux closer in the Cowbined visual~Vestibular and Visual Only Conditions.

Thase data show that the particulur combination of visual=vestibulaer-propriocaptive factors which
produce motion sickness muy be quite different under aonditions of utimulatfon with similur motion
components. It thus seems obvious that fwproved prediction of suscaptibility to wotion sicknems will
requiry extensive analysis of the mpucific components of motion atimulation which produce that sickness.
In uddition, these experinonte have shown that both the cat and aquirrel conkey, like man, are
susceptible to wotion wickness induced by visual stimulation alones The fuct that the squirrel wmonkay
eppesrs to be highly suuceptible to visually-induced wotion slckness suggests cthat this aninal way be
ugeful for wore deteiled analyses of the role of visusl input io the production of wotion sickneus and
for the asvessment of parsmetors critical to successful predictiovu of susceptibility across
sickness-inducing cunditions,
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DIECUERION

KEMNEDY: Your pradiction welationships ara likely to be higher if you corrmct the correlations
by the atteuuation sccasivmsd by the expacted unreliability of the criterion. Tha latter may be best
estimatad by Guedry's data which suggest r =.50 is resscuable.

DAUNTON: The unreliability of tha criterion (vomiting) is sot dus to unreliability of the weas-
urement but is an  inherent respousa unreliability. We regard the uncorxected correlations as good
dascriptors of the relationskips swomg the variables reportad here. On tha othar hand, it is of in-
terest to lknov what the correlations might be without these unraliabilities, and we should exsmine
such correctious.

OMAN:t Do you have suy duts on test/retest reliability of any of tue individual trestwsnts
(teaats) you used? How does this compars with similar tests involving humanst

DAUNTOM: As occurs with Lumans, some individuals respond on each exposurs to motion while others
respond Ou somae tests but not othexs. As a genaral rule, we expect an unalysis would show thst ani-
wuals are consistent iu theirv respouses ou about 75% of the tests.

GURDRY: Did you say that the animale were freq to move within their container in all of the
stimulus conditions you used?

DAUNTON: Yez, the animals move freely in the container-which ves the sams size iv gll of the
conditicaa.
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SUSCEPTIBILITE AUX CINETOSES ET AMPLITUDE PERCUE
DES ILLUSIONS OSENSORIELLES

A. LEGER

Laboratoire de Médecins Adrospatiale
CENTKE D'ESSAIS EN VOL - 91220 - BRETIGNY - AIR.

RESUME

Les accélérations de Coriolis provoquées par la dépsrt et l'arvdt d'une centrifugeuss entratnant
de fortes sansations illusoires de déplacement angulaire. L'amplitude d¢ cos sensations a étdé étudids dans
deux groupes de sujets, récaptifs et non réceptifs an mal des transports. On a dgalemant fait varier 1'axe
d'application du facteur de charge par rapport & la tite. Des différences d'amplitudes notables ont été
relavées entre las daux groupes pour i'ensembla des protocolas étudiés., L'orientation du facteur de charge
influence fortement l'apparition des symptBmes de cinétose.

INTRODUGTION

Malgré les trds nombreusss études qul ont pu lul 8tre consacrées, le ma) des transports possdde
encore guelques aspects relativement mal connus. Parmi ceux-ci la probldme des différences de suscaptibi-
11té, vis & vie des stimulations provocatrices, observées en pratique courante d'un {ndividu & L'autre,
n'a pas encora regu de réponse matisfalsante.

Pour tous ceux qui ont su 3 sélectionner das psrsonnels dans ce domaine, 1l est en effet clamai-
que de conntater que ls sensibilité aux vtimulations habitusllement smployéss s distribues d'une wmanidre
trés erratique dana la population.

Certaines étudey (3) onk pu montrar que le mal des transports était woins fréquent dans une popu-
lation de pilotesque dans la population générals. Toutefols, on peut voir des pilotes, pourtant trds habi-
tués aux stimulations vaestibulaires aéronautiques, révélar une graude eensibilité aux épreuves de Coriolis

alors que d'autres sujets, saus expérience particulidre, démontrent une iwmunité remarquable vis & vie des
wines contraintes.

Les notions de récaptivité et d'adaptabilitd, avancées par REASON (17) pour expliquer ces diffé-
rences, constituent une hypothése de travall intéressante.

Capendant la susceptibilité au rmal dew transports doit dtre, dans la plupart des cua, déterminds
a 1'aide d'dpreuvas provoquant 1'apparition du syndréme. Pluaisurs difficultés surgissent alors s

- Q'ast en premier lieu la difficulté de portor un jugement objectif sur la sévéritd du uslaisn
engendré par leg stimulatfons, surtout chez des sujets non coopérants.

= C'ost aussi le probléms bian connu de la spécificité des stimulations. I'axpérience des vols
spatisux & clairament mis an évidence que 1'on peut étre affecté en impesanteur tout en résistant parfaite-
wment suy épreuves de laboracoire sur tervs.

11 n'ost donc pas étonnant que de nombreux auteurs se wolaent attachés A reller la susceptibilité
au mal des trausports avec des variables physiologiques ou psychologiques plus générsles.

On peut ainei oiter danc le domaine cardio-vasculaire les étudas rapportées par CRAMPTON at plus
tard JOHNSON et coll,(8). Certsines corrélations psychologiques ont également pu &tre avancées par COLLINS
et LENTZ (4), MONEY (13) et REASON (17) font la revus ds ces corrélations,

tien évidemment ce sont les caractéristiques de fonctionnement de 1'appareil vestibulairu qui ont
principalement rvetenu 1'sttention de la majorité des auteurs., On pense bien slr aux travaux de l'école
Hollandaise avec VAN EGMOND, GROEN et JONGKEEE qui ont développé les techniques de cupulométrie, utilisées
par certains auteurs pour prédire la susceptibilité au mal des transporte.

Daw études plus récentes, menées par BENSON (2) st surtout DOBIE (5) ont clairement démontré
qu'il n'axistait pas de corrdlation significative entve los caractéristiques du cupulogramme et la suscap-
tibitité individuwells aux cindtosss.

Da méme, toutes las études menées ultdrieurement, wn particulisr par OLARK et STEWART (3) aur les
ssuile de perception das rotatlons, LENTZ sur 1'analyse du nystagmus rotatoire (11}, n'ont pas permis da
mettre eft dvidence das caractéristiques propres au fonctionnement vestibulaire qui soient lides & la sus-
captibilitsd au wal des trunsporte. Finalsment les ssuls résultats positifs dana ce dowmsine sont ceux rap-
portés par REABON (16) sur certsines variables psychophysiques st sur l'estimation de la parcaption de
vitesss angulaire post-rotatoire.

Pour REASON la réceptivité au mal des transports dépendralt en qualque sorte de la fagon dont le
systams nerveux central "coderait 1'énergie dos stimulations sensoriulles". des résultats permettent éga-
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lement & CLARK (3) d'émettre l'opinjon que "les épreuves donnant une indication de la fagon dont le ays-
tdme nerveux central traite 1'information vestibulaire semble avolr une valeur dans la prédiction du mal
des transporte",

Certaing résultats portant eur le jugement du déplacemunt de la verticale pergue au cours de
lancements en centrifugeuse, lorsqu'existent des accélérations de Coriolis, semblent apporter un nouveau
suppurt expérimental & ces affirmations.

METHODES

L'expérimantation a été conduite sur la centrifugeuse du Laborvatoire de Médecine Aérospatiale
dane la configuration nacelle libre. Cetta configuration implique 1l'existence de fortes acadlérations
da Gorlolis au départ et & 1'arrdt de la centrifugause. Dg¢s sensations illusoires sont donc pergues par
les sujets. Ces illusions consistent en une sensakion de bascula plus ou meins importante dans le plan
sagitvtal du corps.

Sujate_expérimentayx
Douze sujets volontaires ont subi 1'ensemble des trols protocoles constituant 1'expérimentation,

Las sujets avaient été claesés en deux groupes distinctu selon leur récaptivité aux effets des
accdlérations de Coriolis.

Un premier groupe composé d'individus résistants & ¢e type de stimulation (NR = Non Réceptifas)
a Gté vacruté parmi des personnels n'ayant pas ou peu d'histoire de mal des transports, malgré leur
axpérionce des stinulations vestibulaires,

Le douxidme groupe de sujets (R » Récaptifs) a été sélectionné wur des critdres d'expoaition aux
accélérations wur un fauteull tournant et sur leurs antécédents de cinétose,

Aucun des sujnte ne préssntait d'antécéddents de troubles vestibulaires pathologiques, Ure explo-
ration fonutionnelle des canaux semi-girculaires o été réaliséu pour chacun d'antre eux lors d'épreuves
rotatoires., Cas dpreuves rvéslisdeswur un fautsyil tournant CONTRAVES-GOERZ (PITTIBURG) ont permis de cal-
culer, pour chaque wujet, les carautéristiques de gain, de phase et de prépondévance labyrinthique du
véflexe vestibulo~oculaire, Oss valeurs sont pour 1'snsemble des sujets dans la cadre de la normalitéd.

La plupart des participants dans les deux groupes étalent déji familiarisés svec les lancemsnta
en centrifugauasa,
Dispowitif expérimental

La dispositif expérimental utilisd pour 1'essal 4 été inutallé dans la nacelle "univercella" de
la centrifugeuse du Laboratoirse,

Un cadre métalliqus wur lequel veposait un matelus coquille était fixéd wur le plancher da la
nucelle, da fugon & ce qua la téte du sujet se trouve & 1'intersection de l'uxe da rotation de la nacelle
(X nacella) et du rayon médian du bras (Y nacelle). Les pieds du sujet ae trouvaiant ainsi & 1'arridre de
la nacelle par rapport A la direction du lancement. Avant chaque eérie d'essain, le sujet était soiguause-
ment installé et 1'on falwalt alors le vide dann le matulas. Daux sangles immobilimaient le corps au ni-
vegu du thorax et du bassin. Une nangle frontale aswuralt la contention de la t8te dans un repose téte

an forme de U.

Les paramktres paysiques du lancement étaient racueillis au moyen da chaines de mevure d'accdélé-
rations lindaires et de vitesses angulaires. Les captéurs &taient situés au plus prés de la t@te du sujat
ot dine le bras de la centrifugeuss.

Un systdme optique de projection d'image coupléd 2 un levier de commande permettalt su sujet d'in-~
diquer la position pargue de l'horirontele et de la verticale au cours du laencement.

Un repérs lumineux orthogonul, constltué d'une barve pour 1'horizon et d'un point pour la vorti-
cale, dtalt projeté mur un dcran hémi-cylindrlque de 38 cm de large et de 140 cm de diamdtra. Au repos,
le rapdre était calé do fagon & indiquer la verticale et 1'horizontale vraia. Un systdme de rappel per-
mattait de ramener automatiguement le dispusitif A cette position lorsque la sujet n'exercait pas de
pression eur le leviar,

L'deran dont le diembtro dtait diwposé sslon 1'axe ssgittal du wujet comportait, sur un fond
blanc, des striex noires de 0,6 cw de large. Les vepdres de position dtajent portés tous les dix degrés
4 partir de la vorticale. La tdte du sujet était placée au centre géométrique du dispositif. La distutce
des yeux & la eurface de projection était donc d'environ 70 em,

Un potentiomdtre solidaire du systdme optique permettait de connattre le aens «t de masurar la
valeur du déplacement angulaire du rep&rs lumlneux loreque le sujet agissait sur le leviar de coumands,

e
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Pendant les esnais le sulet était mis an condition de "vis{on stabilismée" {(référence visuelle
interne). C'est-3-dire qu'il ne disposait d'aucune référence visuslle liée au repire terrestre.

La surveillance médicele était assurée au moyen d'une caméra vidéo an basse luminance (AATON)
ainsi que par un contact auditif (interphone deux vnies). Ds plus une surveillance constante de 1'électro-
cardiogramme était pratiquée tout au long du lancement sur un moniteur vidéo de contrdle.

L'ennemble des aignavx en provenance de la nacelle et du bras transitait par les contacts tour-
vants de 1a centrifugeuse jusqu'au poats de contrdle. Un enrcgistreur magnétique SCHLUMBERGER A 4660 as-
surait l'acquisition de ces données ainsi quecelles des signaux d'une base da temps code. Simultanément
les signaux d'entrée étafent contriilés en tewps réel sur un oscilloscope 14 voies, Las six paramdtres
principsux tajent envoyés an relactuvs sur un enrvegistrour graphique GOULD.

Protocole_expérimental

Chaque groupe da cujets, réceptifs ou non-réceptifo aux effets des uccélérations de Corlolis
(K, NR) a été soumis & la wlme mérie d'essais.

A 1'issue d'expériences préliminaires, trois protocoles d'essais svaient été retenus,

Les protocoles faissient respactivement varler le uivesu de 1l'cccélération en plateay, 1a pante
de mise en accédlération, 1a ponition de la téte du sujet relativement au facteur ds charge. L'effat da la

variation de position de 1a téte n'a été examiné qu'en combinaison avec la varistion du nivesu d'accéléra-
tion.

Las essais oni donc été divisés an protocoles “"Nivesu" (gvec un protorsle “X-MNiveau" et un pto-
tocole "Z-Kivesu" suivant 1'srientation da la téte) et en protocole pente (position selon 1'axs X).

L'organisation matérialle des essais impose que chague protocole soit appliqué ancces:ivemant
aux sujets. C'ast ainsi que les essris avec le facteur de charge orianté selon 1'axe X de la téte ont été

sys:ématiquement effectués avant les lancements en position "2, Chaqus protocols comportait 3 traitemsnts
différents.

Afin d'éliminar vu éventuel etfet d'ordre, il a Sté procédé A une psrmutation circulaire de
1'ordre de présentation des ditférents “raitements & 1'intérieur de chaque protocole. Les cellulaes de
trois ainsi constituées ont dté répliquéas quatrm fois pour tenir compte du nombre de sujets.Un intsrvalle
minimum de 7 jours & été respecté entre chaqua protocsle.

Len deux protocolas "“Niveau" (Z-Hiveau et X-Niveau) comportuient chacun troim profile d'accélé-
vration différents,présentés wuccessivemsnt au sujet & environ 5 minutes ¢'intervalle.

Les profils conaistaient sn une mise sn sccélérution selon une pants coastsnte, identique pour
chaque assai (33°/8) avec unv valeur terminsie de l'accélération fixde & 2,3 ou & g (lz. o N.). Le pla-
teau ¢toit maintenu psndant 20 secondes. Ls centrifugeuse était aloxs srrétée selon un profil :o dézé14-
ration waintenu constant d'un lencement 3 1'actre.

Chaque protocole niveas &tait précédé d'us lancemant d'entratnement correspondant & um profil
"3' Ce lancement portait don¢ & 4 le nowbre total des lancemsnts de centrifugeuse pour chaque protocols
de ce type.

La différence antre les prutucoles “Z-Nivaau" at X-Nivesu" vient donc da la varistion de 1'e-
rienctation de la p&te relativement A 1'axe d'spplication du facteur de charge.

La condition "X' signifie que c'est 1'axe X de ls tdte ¢1i colacide avec 1'sxe d'application du
facteur da charge. (C'est-d-dire toujours L'axe . de la nacella). Dans ce cas )s oujat est compldtement
nllongé parallblement su plancher de ia nacell¢.

Pour la condition “Z'", c'est selon i'axe Z de la thte Gu'sst eppliqué L« tacteutr de charge.
Dans ce cas, 12 sujnt est placé dans una position demi-couchés ol 1'axe Z ds la tdts est parpendiculaire
au plancher de 1« nacelle.

Dans le protocoie punte la vaivur de 1'accélération streinte en platesu était de 4 g qual que
eoit 1'essai.

Les pantes de wise on accéiératiou e de décélération pour les trois Lancemumts comstituaat co
protocula étaient claseé.s an pante faible, pante moycuns ot pinte forts (P), 3, I’J). L' auservisemunr de

la centrifugeuse ast effontué en vitessc. C'est donc 1a valeur ds la pante lv mine én vilosse angulaire
qui ast prise comms référence pour déterciner les trois traitemsate P,, P, ot r:. Cos valeurs oat été res-
Ih fl’/ﬂ’ ot 24°/82 pour les arriéts.

pectivemant fixéoe D 14%/82, 24°/52 et 3°/82 pour les départs, 14°
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Comme dans le protocole Niveau, 1'accélération en platesu était meintanue pendant 20 secondes.
I1 n'était pas pratiqué de lancement de démonstration préalablemant & 1'application de ce protocols.

Tichg et _conmignes du_sujet

La tiche ot las consignes données aux sujets restaient idantiques quel que soit le protocols.

Le sujet était d'abord familiarisé su vapos avec le maniement du levier de commande du aystime ’
optique, La tfiche qui lui était assignée consistait ) indiquer en permanence la direction de 1'horizontals |
ou de la verticale pargue tout au long du lancement. Il davait dsnc agir sur le repdre lumineux orthogonal
de fayon A compenser le déplacemant angulaire pargu de son corps par rapport sux références ds verticale
et d'horizontale, Les consignas données avant chaque sasai précisalent que seulslas mouvements angulaivaa
survenant dans le plon sagitial du corps devaient @tre pris en compte.

Los sujets recavaient également la consigne de noter 1l'aspparition ds symptSmes de cinétose pene .
dant ou antre les lancements. Les symptOmes devaient Stre rapportés verbalament au fur et & mesure de leur
apparition.

L
Le oritdre d'arrit impératif de 1'expérimentation avait été préalablement défini comme 1'appari- 1
tion de nausées franches mais d'intensité modérde,

A 1'insue de chaquo lancament, 11 était deasndé au sujet de commenter les wensations pergues st
d'assayer de prdcisar lcs symptdmes éventuels de ninftose.

Lorsqu'un protocoles avait été complétd ou lorsqu'un sujet avait demandé 1'arrdt de 1'expérimenta-
tion, il dtait immédiatemant procédé & une évaluation du niveau de malaiss. Cette dvalustion purtait sur |
lay symptémes subjectifs (nausdes, pssanteur ou imconfort épigastrique) et sur les symptOmes objectifa )
(paleur, sueur etc...). i

Traitemant des données ,

et

Lus signaux acquis sur supporc magnétique ont dté traités par le centre ds caloul. Aprds numéri-
sution des bandes.lea signaux ont été traités sur l'ordinateyr IBM 370/3031 par le programms PAN.PCM.FM.
Le graphiquage des donndes sur table BENSON & été effactué & 1'aide du programma GRAPH 2000.
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RESULTATS

Les illusions de déplacement angulaire pu'iuu pat les sujets sa sont révidlées trds carsctéristi-
ques. Lors des essais en "X", une sensation de bascule coordonnés du corps dépassant rarsment 90°, est per-

que b l'arrit comme au départ. Il s'agict d'une bascule vers 1l'avant au départ et vers 1'arridére & 1'arvét.
Par contre, les sensations perques lors des essais sn “Z" sont qualitativemsnt plus désorientantes. L'ana~
lyse détaillée concernant ces illusions est prémentie par ai)leurs (9).

>

Les résuitats odtenus dans le domaine des cinétoses. ont permis de justifier "u posteriori" 1la
vépartition selon ls réceptivité effectuée “a priori" an deux groupes.

! |
! Le groups de sujets réceptifna expérimentalement démontré sa sensibilité aux effets des accéléra- !
l tions de Coriolis en centrifugsuse. 1 \

| Le tableau ! réosums les principaux symptisas cbservée lors des protocoles nivesux pour las dif-
féranto sujets du groupe réceptif, Tous les vujats da ca groupe ont été plus ou moins sévirement affectés
pat len lancemants successifs. On note accessoirement que les lancemeuts avec le facteur de charge sslon
1'axe X de la téte (Niveau %) se sont montrés netvemant moins provocsteurs que lorsque le sujet & 1a tite
vedrassée (Niveau 2). Dans catte dernidre configuration, ) sujets sur 6 ont atteint le critire d'arrdt de
1'expérimentation dds le troisidme lancemant.

Par contrs, le tablesu II wontrs cleirement que les eujats non rdceptifs (X 1'exception d'un)
n'ont été affectés par sucun des protocolac. Las résultats observés dans la protocols pente sont parfaite-
st identiques b ceux des protocoles nivesux.

A partir des donuées recusillies 3 1'aides du potentiowdtre solidaire du dispositif optique,les
sileurs de )s sensation de déplacemsnt angulaire du corps perguess lors den départs et des arrdts de la
cantrifugeuse, ont pu Stra dérerminées pour chague sujet ot chuque lancement.

i —m— e e
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Les valsurs moyeunas selon lew diffdrents protocoles, traitements «t graupes, sont présentées
au tableau III.

L'examen dirict des valsury moysnuea wet en évidenca d'asses importantes difidrences entre su-
jeta VA" et “NR". Toutefois om note également qua las velours d'écart-typs sont généralsment élevées. Ceci |
traiuft des vaciations !nter-individusliee fortes i 1'intérieur deo groupas, par silleury de feible sffac-
tif, 34 ou examiue les douandes hrutas, il upparait cependant un fait évident « tous les sujets du groupe
véceptif pergoivent des sensations de grande amnlitude surtout lovs daa arréts de la ceuntrifugudss,




TABLEAU I

MANTFESTATIONS DE CINETOSE OBSERVEES
DANS LE GROUPE DES SUJETS RECEPTIFS.

Protocoles

"Niveau"

Condition PROTOCOIE X N PROTOCOLE Z N CATEGORIE
Nombre ds Nombre de
SUJETS Lancenmsnt Symptimes Lancemant SymptSmas
Nausde ++
DUSssssnnsnes 4 Néant 4
inconfort
(7] SR 4 dplgastris I
que = sueur
Nauséa +
MAR. soasnes 4 Paleurs + a*
Susurs + Ricaptifs.
CHA vovennan 4 Néant 4 ‘ﬂ'
inconfort [Nausdatt
LEGuestanens 4 épigastri- Ik Palaur+
que - paleur Susur++
inconfort 4 inconfort
VALisssaanss 4 épigantrigus épigastrique
1éger.
* = Arrdt pour malsise.
TABLEAU Il
CINETOSES OBSERVERS DANS LE GROUPR
DES NON RECRPTIFS
Condition PROTOCOLE X N PROTOCOLY Z N CATEGORIE
—— Hombre de Nombre de
Lancement BymptOuan Lancemsnt Symptmes
3 { N 4 Néant 4 Néant
HAL iasusans 4 - L3 -
EJeosansans [} - 4 -
Non Récaptils
DUC.: censvne [ - [ -
Housde +
ClBacvoarnas 4 ~ & Paleur +
Susurs +
DOL.eoveanse 4 - ) Wéant

ir
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TABLEAU 111
VALEUR MOYENNE ET ECARTS-TYPES DES AMPLITUDES MAXIMALES PERCUES
A L'ARRET ET AU DEPART }{
NR ¢+ Non réceptifs {6 mujets) I
R 1 Réceptifs (6 sujets) ) '
¢+ Moyanne (en degrés) I
+ Ecavt type
L * - Moyenne sur 5 sujets.
| Groupss - DEPART ARRET .
Conditions PROTOCOLE ‘
Expérimentalen NR R NR 3
3 23,83 33,10 34,5 59,67
X N2
g8 15,55 25,13 33,29 27,29
% 25,83 54,50 30,83 79,50 X '
X Na
8 17,99 18,35 20,05 31,08 NIVEAU
- b4 35,5 53,00 30,66 81,00 {
8 19,69 22,58 12,24 38,57
h
X 23,33 w41, 40 35,5 #39,40
Z Nz
8 10,94 18,11 17,18 21,67
X 36,00 *50,20 44,00 | #18,60 ] ’
z N, o
8 14,62 27,19 15,83 19,44 NIVEAU C o
X 29,66 44,80 47,73 %76,20
z NJ‘
] 20,81 17,06 7,15 19,44
k] 23,67 50,50 21,17 85,00 4
% X
Pl { ¥
i 8 17,14 23,38 13,89 40,51
g P2 3 26,67 53,67 26,17 91,50 PENTE ‘ .
" 8 18,74 23,64 19,16 31,84
i —
i ’ 3 X 27,33 41,33 32,00 93,17
% 8 17,16 22,74 28,11 37,92
!
’ La raprésentation ces smplitudes moy de dépl t pergues & 1'arrft et au départ, selon
1 t 1es protocoles at traitements (fig. 1,2,3) permat de misux se rendre compte de 1a naturs du phénomdne. !
La figure 1 considdve les rémultats obtanus avec ls protocole pants. Les deux groupes de sujets ! o
appsraissent fci clairemant distincts avec des amplitudes perguss beaucoup plus élevées pour les sujete
réceptife, principslemsat lors des arrits ds la centrifugeuse. 11 faut rappelar que dans ce protocols le
sujet subit 1'augmentation du facteur de charge selon 1'axe X de la tdte, La situation n'est pas ddso-
rientante st les sensations de diplacemant du corps sont bian défintes, .
Une uéris de tests de t meunde sur les différents traitemonts montre qu'il existe 3 1'arrdc uns
diftérence crds aignificative sutre les deux groupss da sujets. Pour los départs, seule la pante moysnue
pases 1e¢ seusl de eignification de 5 %, la pente faible is manquant de trds p.n (¢t = 2,21 pour 10 ddl),
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Lorsque 1'on considére les protocoles niveaux, on retrouve les mémes caractéristiques que pour
le protocola penta. La figure 2 présente les valeurs moyennes obtanues avec le protocole X Nivaau, L
aussi, 11 existe des différences importantes, surtout lors des arrdte entre les deux groupas de mujets.

Ces différences & 1'arrdt de la centrifugeuse sont statistiquemant significatives pour les ni-
veaux 3 et 4B. Par contre, au départ, seul le niveau 3 g est significativement différent selon lss groupes
au risque 5 %,

Ces résultats sont également obtenus, quoique un peu moins nets, avec les lancemsnts en configu-
ration Z (£ig.d). On peut ici panser que le caractire perturhant des illusions sensorielles pour les au-
Jets réceptifs altdre leur capacité A décrire clairement leur sensation. Comme dane le cas précédent,
seuls les niveaux 3 at 4 g sont significativazant différencs entre les deux groupes & 1'arrdt. Au départ,
on ne mat pas en évidence de différence statistique,

Dans tous les cas, on psut noter qus les amplitudes pergues au départ sont nettament inférisuras
pour len deux groupes, & celles de 1'arr8t. Cette donnée pourrait 8tre interprétée dans le sans des vésul-
tats obtenus par GUEDKY et BENSON (6). Toutefois les calculs d'intensitdé de la atimulation permettent de
montrer que, dans nos conditions expérimentalas, 1'arrét et le départ de la centrifugeuse ont une dynami-
qm difficilement comparabls,

DISCUSSION

Len résultats obtanus lora de la présenta étude sont 3 rapprochar des estimations de vitesse
angulaire post-rotatoirs,rapportées par REASON pour deux groupes de sujets sélecrionnéa i 1'aide d'un
quastionnaire sur le mal des transports (15). Pour différentes iupulsions de vitssse, le groupe de sujets
réceptifs montrait unea "réponse sarmorialle au-dessus du seuil" significativement plus élevés que 1a grou-
pe des non-réceptifs.

Dans notre axpérimantation, c'est l'amplitude d'une sensation illuscire induite par les accéléra-
tions de Coriolis qui est prise en considération,

Toutafois sf{ 1'on considérs également le temps d'établissement au maximum ds 1'illusion, on paut
se rendre compte que la "vitesse moyenne d'établissemant™est égalument plus élevée chax les réceptifs que
ches les non-réceptifs.

Ce type d'étude, ol les variables étudiées reprdsentent 1'image centrale de la stimulation vesti-
bulaire, diffdre sensiblement des techniques de cupulomdtrie.

En effet, comme le souligne REASON 1l o'agit d'une représentation du codage nerveux de 1'inten-
sité de la stimulation, alors que la cupulogramme repose sur une notion de temps.

Le faible effactif de la population étudide doit cependant inciter ) la prudence. La claie dé-
monstration faite par DOBIE (5), & l'aide d'une grande population, de 1'sbsence de corrélation entre le
cupulogramme et la eusceptibilité au mal dee transports ne doit pas 8tre perdue de vue.

11 existe de plus des difficultés inhérentes & 1'estimation subjective de 1'amplitude d'un dépla-
cement angulaire. GUEDRY (7) a trida clairement souligné ces probldmes. Les consignes donndes au sujet ne
portaient, en fait, pas sur 1'amplitude du déplacement du corps. C'est la direction de verticale pergus
que le sujet devait indiquer. Dans certaines illusicns de mouvement, on conaerva, an effet, une notion
relativement bien définis de la dirsction du "haut" et du "bas" (10). L'axpériencs a montré que si catte
estimation du haut était relativement aisée dans lu configuraticn "X", alle deviunt beaucoup pluz difficile,
surtout lors des arvite en "2,

Ce fait rapproché de 1'ineidence forts des cinétoses dans cette dernidre position n'est,en soi,
pas surprenant. I1 est bien connu depuis las travaux de MANNING et STEWART, confirmés par de nombreux au-
teurs, qus 1'apparition des symptOmes de cindtose est dépendants de 1'orientation du sujet par rapport &
1a vtimulation,

De mime, BENSON, a étudié depuis longtemps L'effet de l'orientation du vecteur gravité sur les
réponaes post-rotatoires obtenuss pour différunts axes (1).

Dans notre cas, il faut également tenir compte d'un facteur complémentairs, qui est la variation
de 1'intensité du vecteur gravitaire appliqué, sans que sa diraction woit wodifide.

Vu sous l'angle de 1'incdgration multi-sensorielie (13) on ast donc tenté de panser que la sti-
mulation utriculaire qui se produit lorsque 1a sujet sst en position couchés (X), participe & 1'attdénua-
tion des symptOmes et au caractdre pesu désorientant des illusioms.

Il teut alors faire l'hypothdss gque la stimulation caualaire liée aux sccélérations du Coriolis
est ildemtiqus dans les deux configuratioms.

X3
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D'un autre cdté, il faut également remarquer que lorsque le sujet est en position "2", seule a
macule sacculaire est stimulée par les variations du factsur de charge associées 2 1'effet de 1'accéléra-
tion de Coriolis sur les cansux. Dans ce cas, le contenu informatif du memsage sensoriel afférent sst pro-
bablement différent de celui qui est produit par la double stimulation utriculeire et sacculaira en "“X"

Quels que soient las mécanismes impliqués X 1'origine des phénnmines observés, il est utile de
chercher & comprendre commant peuveant s'intégrer ces résultats dans les moddles conceptusls du mal des
trangports. Le modile proposé par OMAN (14) fait lu lien entrs les modéles d'oricntation spatiale et
ceux supportant la "Théorie des Conflits". Il eet & ce titrse particulidrement intéressant, Cet auteur dic-
tingua trois points clés pouvant influencer 1'importance dss conflits sensoriels et leur traduction sous
forme da cinétoses, Ces points clés sont respectivemant, le "gain" des capteurs (matrice 8), une matrice ¥
représsntant le "modéle dans le modele" et enfin une matrice T représentant la sensibilité du sujet aux
conflits.

D'une manidre cu d'une autre, si l'on prend en compte nos résultats, les coefficients des matri-
ces pondérant la variabie d'dtac (astimé d'orientation) et ceux réglant la sensibilité au conflit (matrice
T) doivent se trouver liés.

CONCLUSION

Les réponses concernant les amplitudes perguss de déplacement angulaire, lora das départs at das
arrts de centrifugeuse, diffirant sensiblement selon la sensibilité au mal des transports du groups ds
sujets étudié, Cea amplituden, évaluées par un jugsment d'orientation de la varticals par rapport au
corps, sont beaucoup plus importantes dans le groupe de sujets classés "Réceptife'.,

En fonction de 1'orientation du facteur ds charge et du protocole d'essai, ces résultats sont
ratrouvés plus ou moins nettement, mals d'une manidre constante, Las variations de 1'orisutatfon du facteur
de charge par rapport au sujet jouent considérablemint sur 1'apparition des symptOmes de cinétese. lLa con~
tribution utriculaire aux caractéristiquas peu déscrientantes ded illusions et & la faible incidence de ci-
nétose dans la position couchée (X) ast hautesent probable.

D'une manidre générele, il semble que le systéme d'orisntation spatiale des sujets non réoeptifs
soit plus & mine de "filtrer" les wessages sensorisls destinés aux centres nerveux supérieurs.

Conceptusllement, il semble domc exister un lian entre 1'image centrule de 1'intensité du wouve-
mant L{llusoire et la semeibilité aux conflite générateurs de mal das transports.

En pratique, les structures qui pouvaient rendre compte de ce type d'interactions sont encore loin
d'Stre identifides st calles-ci rastent donc trés hypothétiques.

Ds plus, si las obwervations réalisées au coure de ceite étude pauvant prémenter un intérét dans
la compréhension des mécanismes régissant la susceptibilitd aux cinétoses, leur portde pratique en matidre
de prédiction reste faible.

REFERENGES

(1) BENSON, A.J., BUDIN M.A, OComparison of the affect of the direction of the gravitationnal acceleration
on post-rotationnal responses in y@w, pitch and roll. Aprospace Med. 31, 1966, 1076-1080.

(2) BENSON, A.J. Uve of the nystagmography in the study of sircrev with spatisl disorientation. Agard
Conference procesdings n® 128, 1973, A-4, 1-12,

(3) CLARK,B., STEWART J.D. Relatiuvnship bstwesn motion sickness expariance and tests of the perception of
rotation in pilots and non pilots. Aercspace Med. 44, 1983, 393-396.

(4) COLLINS W.E., LENTZ J.M. Bome psychological correlates of wotion sicknsas sysceptibility, Aviat,Hpace
Environ, Med. 48, 1877, 58/-594.

(5) DOBIE, T.C. in t Air sickness in Alrcrew Agardograph n® 117, 1974, 13-23,

(6) GUEDRY F.E., BENSON A.J, Coriolis Cross-coupling effects : Disorienting and naussogénie ov not ? Aviat.
Space Environ. Med. 49. 1978, 29-33.

(7) GUEDRY 7.8. Psychophysics of vestibular sensaticniin hand book of semsory pllyllﬂlb]y.Vl/!l Vestibular

System, Part. 2 | Peychophysics, applied aspacts and geuersl interpretations, Bdited by H.H. KORWWUNER,
SPRINGER-VERLAG BERLIN-HEIDRLBERG-NEW YORK, 1974, 3-134.

(8) JOHMSOM W.W., BUNAMARA P., TAYLOR, W.J.R. Socws physlologic responses to vestibular stimuletion Third
symposiua ou the role of the vestibular organs 1u space exploration, WASMINGTION : NASA, §P-1352 , 1947,
355-362.




o~ . .

e el

32-10

{9) LEGERX A., VALLET R., VETTES B. Orientation du facteur de charge et effet vestibulaire des accélérations i
de Coriolis. Rapport Q.E.V,N° 35/CEV/SE/LAMAS, 1983,

(10) LEGER A., LANDOLT J.P,, MONEY X.E. Illusions of attituds and movement during earth~horizontal rota-
tion. AGARD Conference proceeding n® 287, 1980, B7, 1-19,

(11) LENTZ J.M, Nystagmus, turning sensations, and illusory movement in motion sickness susceptibility,
Aviat, Space Environ. Med 47, 1976, 931-936,

(12) MANNING G.W., STEWART W.G. Effect of body position on incidence of motion sickness. J. Appl. Yhysiel.
I, 1949, 620~627,

(13) MONEY K.E. Motion sickness. Physiol. Rev. 30, 1970, 1-38,

(14) OMAN O.M. A heuristic mathsmatical model for the dynamice of sensory conflict and motion sicknexa.
Man vehicle laboratory, Departnent of Aeronautic and Astronautics, MASSACHUSSETS Institute of techmology
CAMBRIDGE MA 02139, 1380.

(15) ORMSBY C.C,, YOUNG L.R, Integration of semi~circular canal and otelith information for multisensory
orientation stimuld, Mathemat. Blose. 34, 1977, 1=21.

(16) REASON J.T. An inveatigation of some factors coutributing to individual variation in motion sickness
susceptibility, LONDON i Ministry of Defense, Flying Persunnel Resaarch Comittes, FPRG/1277, 1968,

; (17) REASON J.T., BRANDT J.J. Motion sickness.Academic press, LONDON, 1975,
DIBCUBBION
: MONEY: Did you by any chance apply this teet to the French cosmomaut, If 50, what sort of
H results did ha show?

i LIGER: An exparizment was designed to ses what kind of effect reclining s pilot when sustaining G r
‘ loads would have and we just bumpad futo this effect in susceptible and moa-susceptible subjects. !

GUEDRY: The resultant force was being aligued with the Z axis of the subject, is that ir, and
during deceleration the subject was then setting the vertical or borisontal?

LEGER: The subject was through the atart, sccaleration, and the stop supposs to constantly align
the target lights with the horisontal and verticsl. :

o

OMAN: You prasented data for the two different populations, the receptive and non-rsceptive.

:or”m individual subject how comsistent ware his magnitude estimates and was thers auy lesruing ef-
e

LEGER: We took a grest desl of attention to avoid ordar sffacts. The susceptible subjects all
axhibit, especially ut the start, very large displacements.

OMAN: I gusss what 1'm reslly asking ie does & susceptible subjsct alwvaye show & vary large mag-

nitude estimata? How much of your overall varisnces is dus to the diffarences batweer subjects versus
the varisbility within an individual subject?

LEGER: Yas, the same subject usually has very comsistent patterss. Sometimes you get soms suo- '

ceptibls subjecte with small respomses at the start but whes they are very susceptible they are large
at the starct.

e arara o el "N s TR
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PREFLIGHT AND POSTFLIGHT MOTION SICKNESS TESTING OF THE SPACELAB | CREW
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SUMMARY

The four Spacelab 1 payluad crew wenmbers, &8 expsrimental subjects, were sxposed to a variety of
motion sickness tests. Contrary to expactation, ths crev meaber who was most ptible to th teste
was the least suscaptidle to space sotion sicknass, and tha criw memder who was most susceptible to
space motion sickness was one of the lesst susceptible to these tests. On the third day after returning
from the wission, one of the preflight tests (KC 135) was repeated, and all of the crav members ware
found to be non-susceptible, Htatements of generalities will have to wait for the sccumulstion of more
experimental subjects. )

INTRODUCTION

In order to increass understanding of space motion eickness (1), the susceptibility to motion
sickness ia the four Spacelab | payload crew members was measured using a variaty of motion stimuli on
Earth and in aircraft. It was thought that s comparison of susceptibility to thess stimull with
susceptibility to the stimulus of epaceflight might revesl sowething about tha natuve of space sicknsss
and might aven suggest a techniquas for pradicting susceptibility to space sickness or & tachnique for
effective prehabituation. (In this context, the term “prehabituation” refers te the acquisition of

adaptive resistance, by repetitive exposurs to a motion stimulus on Earth, with resulting resistance to
space sickness.) :

In general, it was expected that "Subjects who show consistently low susceptibility vo motion sick-
ness in the full rvange of provogative tests ..." (2) would tend to show low suscaptibility to spacs
motion sickness also.

PROCEDURES

All four payload craw members were exposed to all of four difterent formal tests of suscaptibility
praflight, and their cumceptibilities ware also assessed by two additional informal tasts and by theix
responses to & questionnairs. Their susceptibility to space motion sickness was assessed during. the
aiesion, and one additisnal test of susceptibility was also performed shortly after landing from thse
uission.

1, The Bpace Bled Bimulator:

The subject was in a ssated position in an snclosure on a sled that moved slong rails (Figure 1).
The movemant was uscillatory so that 'the subject was accelerated from side-to-side (along his Y axis)
sinusvidally at 0.2 He with a peak acceleration of 0,135 G. The subject was blindfoldad and uead & joy
stick to indicate his perception of the eled's velocity. He abstained frowm alcohol or ralavant drug
ingestion for the 24 hours precading the test, and he was instructed to describe verbally any eymptoms
experienced and to call the test to s halt when he exparienced slight but unequivocsl naussa. If the
subject did not resch that level of sickness and did not halt the test, it was stopped after an arbi-
trary saximum time of 10 minutes. After stopping, the subject's nauses, pallor, swasting atc. vera
recorded and the degres of sickness wes estimated according to the scale of Uraybiel et sl. (3),

Mgure 1. The fpace Sled Bimulator, DCIEN Toromto.
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2. The Precision Angular Mover (PAM):

The subject was restrained in a seated position in s clossd capsula (Figure 2) and he was rotated
at 20 rpm about an Rarth-horizontal axis vhst passed through his head's Y wxiu; that is;, he was tumbled
head~over-heels (4), The instruaotions for the subjwct regarding the end point etc., and the mcoring of
the wsickness, were the same as for the Space Sled Simulator test (above) except that the subject
continuously counted out loud, backwards by twos from 1Q00 (this provided "alerting" and was also an
indicator of the subject's wall-being). During the rotation the subject kept his ayes open and viawed
the inside of the rotating capsule (stabilized vision, (4)).

Figure 2. The Pracision Angular Mover, DCIEM Taronto.

3.  Ingestion of Deuterium Oxide:

The subject drank 2 ml of deuterium ovxido per kg of body weight, and then lay supine for 15
ninutes. At 15 minutes he assvmed & (1) left-sida=down orientation, at 25 minutes (i1) right=-side-down
orientation, at 35 minutes (41ii) wupiune, at 45 minutes (iv) left-side~down, at 55 minutes (v) right-
side~down, at 65 wminutas (vi) eitting upright, and then starting at 75 minutes, with changes every 10
minutes a5 before, the orientation ssquence (i) to (vi), above, was repested. At the end of sach
orientation period, the degre. of “motion sickness" was estimated sccording to the scale of Grayblel at
als (3). 'The instructions to tha subject regerding alcohol, drugs, the end point ete. were the sama as
for the Space 8led Similutor twst (abovs), except that the stimulum was halted by maintaining an upright
posturs.

4,  Head Movemonts During “Zero g" Parabolast

These flights are known to be provocative cf motion sickness (5). In preparction for thess formal
tests in April 1983, the aubjects had refrained from fiying zaro g parabolas for the pravious thres
months. They were restrained only by a locked but loowe lap strap in & semt in NABA's KC 135 alrcraft
(Plgure 3)s The asircraft flew 20 consecutivae "parasbolas" such that periods of near veightlassnesns of
spproximately 25 seconds werc achisved (Figure 4). In fact tha slrcraft followed a free-fall trajectory
und can only be sald to be flying an ellipsoid (M., Lampton, personsl communication). However, the
flight path is at least similar to a parabola, and since the term “parabole” 14 in common use in this
context, it will continus to be used here.

Figure 3. MWASA's KC 135 slrcuaft.

FaLd
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Pigure 4, Plight path of KC 135 aircraft in producing weightlessness.

During sach 23-sacond weightlass period, starting with the first such period, tha subject hung onto
the arm rests with the hands only, elbows out, and fest on tha floor, and with syes open he made head
wovaneuts in time with audic signals from a tape recorder (basps evary 1.3 seconds), touching his head
to the seat's head rest, than to his kness, the head rest, etc., with a complets cycls of thass nodding
movumants every 3 wseconds. The hesd wovements continued only for the duration of esach weightless
period, and during the hypergravity parts of the flight, ths subject kept the head upright and motion=
less. The degres of wotion sickness was scordd according to the techuiqus of Graybiel et al. (3) after
saach parabola.

In this tast, the sudject stopped wmaking hesd movemsnts at a mildar end point, epigastric dis-
confort (bsfors nauses), because the fiight continued in spite of motion sickness so that tha provoca«
tion aould not be completely stopped by any individual who began to suffer early in the flight. This kG
135 test was aleo repasted with the payload crev on the tuixd day after returning from the Spacelab 1
£light, to saa whether tha apace f£light would have an intl on the ptibility to the test.

5. Miscellaneous Activity During "Zero g" Parabolas:

In addition to the above four formal tests of susceptibility, records wera kept of the crew
mezbers' susceptibilities on an sarlier KC 135 flight (Marah 1979) for H-reflex testing, circularvection
testing, and “lloating familiarization" during the sams parabolic mano uvres. On one such flight for
sach subject, if the subject did not reach the level of “stomsch awareness" in the course of his other
sctivitias, then he made the stereotyped hesd wovements until that lsvel was reached or until 15 para~
bolas of stersotyped hasd movaments had been complated. Iu praparation for these “niscellansous
fiights, soms of the subjects were permitted to take antimotion sickness drugs. These KC 135 flighte
vwere made four years batore tie formal zero § parabolic tasts (without drugs) described in Procadurs 4.

6,  Ravarsing Priswa!

Motion sickness aigns «nd symptoms were alsoc racorded during head wovemsnts while wearing
left-right reversing prisms, & procedurs employed to allow the subjects to becoms motion sick slowly for
the purpose of allowing sach individual to obsarve at laisurs his own buildup of symptoms and hia own
recovery when wotionlesss Tha wmovements mads were not standardized, and each subject decided for
himself how much walking snd hov much head woving to do. The dogres of sickness expsrisnced was
recorded,

7. estionnaire!

The crav membars also completed questionnairss that indicated their other experiences with motion
sickness, from childhood to the preseut.

8. Motion 8ickness During Space Flight:

The experiences with motion sickness duriug the Spaceladb | flight were carefully monitored,
racorded, and asssesed.
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9. Head Movements During "Zerc g Parmbolas —— After the Miasion: i '

On tha third day after landing from the Spacelsab ] mission, the four crew members were taated again
in the KC 135 aircraft as described in Procedurs 4 (20 parsbolas with stereotyped head movements during

the waightless periods). Thiu was done to determine whether the 10 days of weightlessness had
influenced susceptibility to motion sickness from this stimulus.

RESULTS

l, The Space Sled Simulator:

None of the four subjects showed any signs or reported any symptoms of motion sickness in response
to this stimsluas. This stimulus must therefore be considered insufticiently provocative (subfhreshold)
for thess four subjects. Thres other payload spacialists, who were similarly candidates for the
Spacalab 1 flight assignments, weare also tested at the same time; and two of these three Jid rapor: mild
but definite symptoms ou the sled. Nevaertheless, for purposes of revaaling differences between the four
who flew on Spacelab !, the test was not revealing.

2. The Pracislon Angular Mover (PAM):

This test was imposad on the aubjects twice: in February 1979 and in April 1983, The sevarity of
the resulting sickness was sxpressed in total “Graybiel points” (3) per minute of stimulus, since a
subject who resched a given level of sickneas in & shorter tima was considered to be more susceptible
than a subject who reached the same level of sicktiess but requirad a longer time to do so. The results
are indicated in Table 1.

Table ). Severity of sickness in responss to horizontal axis rotation
on tha PAM, "Graybiel points" par minuts.

1

Subject Feb 79 April 83 ;
A 1.8 0.9 |

B 0.2 0.2 i

¢ 0.6 0.5 )

D 2.0 1.8 1

3, Ingestion of Deutsrium Oxide:

None of the three subjects who took this teat showed any signs or reported any symptoms of motion .
sickness in responso to thiaz stiomlus. As with the space sled simulator, this heavy water stimulus must H
ba considered insufficiently provocativa (subthrashold) for these subjects, although previous less~ 1
provocative heavy water tests (6) on tan normal subjects resulted in six who did suffer sicknass. Of ;
the seven payload crawmembars who wera offered this test, three declinad to volunteer for it, and one of {
theses thres (Subject ) was aspignad to the mimsion #o that only threa of tha four 8L 1 crew were i
tested. The fourth payload specialist who took thio tast (but did uot f1iy on 8L 1), Subject L, did show .
definite wmotion eickness signs, and reported definite eymptoms, as a result. tha hesvy watar /!

positional nystagmus was rated moderste in Bubject A, strong in Bubject B, stromg in Subject D, and very !
strong in Bqunct T.

2T RTINS ey

4, Heud Movamants During “Zero g" Parabolas: |

For these formal tests in the KC 135, in March/April 1983, tha subjects wers requasted to abstain
from any alcohol consumption or relevant drug ingestion for the previous 24 hours. All subjects
obeerved the drug rastriction, but they all failed to receive the request regarding slcohol restriction
and all reported modast alcohol consumption during the previous evening. Subjects A and B completed the \
full 20 parabolas with head movements and had ssssntially no signs or symptoms. Subject C complated the }
full 20 parabolas with head movamants and reported no symptoms but showed some slight sweating after the ]
20th perabalas  Subject D showad eigns and veported symptoms as follows (signs and symptoms were g

DTSRRI

R

unchanged for subsequent parsbolas unless indicated):

s p W

Parabolas 1 to 4t no eigns or symptoma
5t poasible increassd salivstion
81 cold svasting 1, pallor 1, salivation ]
10:  flatulence at that time only
11t facial pallor increased to level 2 (modarate)
13t wild epigastric awareness
15: pallor leesensd to level 1, salivation veverted to normal
16; flatulence at that tima only
201 epigastric awaraness gone, cold sweating gone, but pallor | still presant

~ -

¢ g

The relative susceptibilitias to thess teste; in order of decresseing susceptibility, vas judged to
be DCAR,

B

5. Miscellansous Activity During "Zero g Parabolas:

Q) Thess flights took place on Tuesday 13 March 1979 (ons flight, 40 parabolas) and on PFriday 16 March .
) 1979 (morning trip 60 parabolas, sftarncon trip 40 parabolas). !

Subject At On the March 13th flight this subject vas wearing the Transderm 8cop scopolamine anti-
motion sickuness skin patch. He completed the 40 parabolas of other activities without amy motion sick- L
nass, end did oo atereotyped head wovements. For the Murch 16th flights he took oral scopolamina/
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dexadrine and again suffered no motion sickness, even after doing 15 parabolas of atereotypad head move-
ments on the morning flighta. Yuring the afterncon flight he suffered a faint headache that could have
heen related to the motion experienced.

Subject B: This subject used no drugs for any of these flights. On the March 13th flight he
axparienced some stomach awareneas briefly, a little burping and “slight flatulence“. On the March 16th
morning flight he experienced only some belches, and his steraotyped head wmovements on that flight
alicited only two more balches. On the March 16th aftarnoon flight he experienced no motion sickness.

Subject Ct This subject used no drugs for any of thass flights. He reported no motion sickness on
the March 13th flight or on the March 16th morning flight, aud on the March 16th afternoon flight he
raported only a stomach awarsness that was not changed by tha stersotyped hsad muvemants.

Subject D: This subject took oral scopolamine/dexadrine before tha March 13th f£iight and bafore
the March 16th afternoon flight, but no drug before the March i6th morning fiight. On ths March 13th
flight he reported no motion siciness. On the March 16th morning £light, he was noticeably inactive for
many parabolas and he reported stomach awureness besfora starting his etercotyped head movements on the
forty~firet parabola. Hs vowited after only three of the hesd movements during that parabola (parabola
41), On the March 16th afternoon £light, after taking scop/dex at noou, hs volunteared to do the head
movemants sgain and complated 15 full parabolss of (smaller than standard) hesd movements without any
sicknees,

The relative susceptibility shown on these thres flights, was judged to he, in order of decressing
susceptibility, DBC(A). Subject A is bracketed beccuse no messure of his susceptibility without druge
was obtained at this tinmae.

6. Reversing Prisms:

It wes difficult to assess susceptibiiity to this stimulus, since the subjeots ware free to walk
and naks head movements at rates and frequencies of their own choosing. However, the signa and symptoms
wers recorded as thay occurred, and ths obsarveis formad s subjective impression of how much activity
was required to provoka a given lavel of sicknass in each subject and how much adaptation to the new
visual situation was achieved.

Subject At This subject, vith relatively modast activity while wearing tha prisms, suffered sweat-
ing, epigastric awareness, increased salivation, epigaetric discomfort, belching, lathargy, intenss
epigastric discomfort (description resembles what fs called “nauses” by others), and slight pallor.
Walking was “with difficulty”, At times, sctive movements wers stoppsd to asmaliorats symptomss Whan
the prisas vers removed after 69 minutes, the subject's visual world sppuared stable when head wovements
were mada (suggesting that little adaptation had occurred),

Subject B: This subject suffered sweating, subjective tempsrature incresss, balching, flatulence,
yawning, epigastric awareness, dry 1ips, spigastric distress, slight natses, and mild spathy. At timss,
active movemants ware stopped to amsliorate symptoms. When the prisms were removed after 74 minutas,
tha subject's visual world sppeared stable when head movements were mads (suggesting that little adapta-
tion had occurrad).

Subject C: This subject suffered "possible” epigastric awareness and sweating. Tha obsexver felt
(subjuctive impresaion) that he was more ataxic than the others vhen walking with priems on. When the
prisms wers removed tha subject's visual world appeared stable whan hesd wmovements were mude (suggesting
that 1i{ttle adaptation had taken place).

Subject D!  This subject wss judged to have exparienced the most activity (walking and haad
movaments) while wvearing the prisms. He suffered brief epigastric awareness, subjactive tempsrature
increass, flatulence, belching, and “possible” pallor. Ha lesrned to navigate without intellectualisz-
ing, and kept walking for ths entire period of prism wesring. When the prisms were removed the
subject's visual world apparved unstable when head movemsnts wurs mads, and “reversed” horisontal

nystaguus appaarcd prominently. The instability of his xu\ul world, and tha raversad divectiow of
horisontal nystagmus, sppsared occasionslly for “"up to hours later”, ‘This subject was judged

(subjective impression) to be the lsast susceptible to sickness from reversing prisms stimulation, and
the fastest to adapt. Such relstive ranking of susceptibility to this stisulus wust be cousidersd a
general iwpression rather than s measurement.

The relative susceptibilities to the prismes test, in ovder of decreasing wsusceptibility, wae
assignad ABCD.

7.  Questionnaire:

The four-page Guestionnaire ia siwply too voluminous to be reproduced here. As might be expected,
all of these four subjscts had experienced a wide variety of motions with very little rasulting motion
sicknass. All of thew rated themsslves "lesa suscaptible than most”, which appears to bs a reasonsble
rating for all of them, considering paople in gensral.

On the besis of thair amounts of reported exposure to wotion and the amount of sickness reported,
it could be decided that their velative susceptibilities, in ovder of decreasing susceptidility, was
DABC, slthough this relative ratiug is based ou very iittle evidence.

8. Motion Bickness During Space Piightt
The motion sickness axperiencea of thess four subjects {u space flight, Spaceleb 1, is described in

deteil do paper 33 of this sywposina (7). It should be reseabered that Subjects A and D tock ancimotion
sickness drugs (scop/dex, in this cass 0.4 mg acepolamine pluv 2.3 wg dexadrine) before lsunch and
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regularly thereafter, whereas Subjects B and C took no drugs before the launch and took them (Subjact B
tool scop/dex and Subject C took prometharzine 25 mg plus ephedrine 25 mg) only after motion sickness was
wall developed. Conslatent with the many tedts reported here, the subjects had recelved extensive
classroon {nstruction and practical sxperience with motion uickness so that, although they could not all
be described as motion sickneas experts, they could ba considersd reliable and knowledgable observars of
motion sickness.

To summarize tha detailed account (7) of the spaceflight axperience with motion mickness, Subjects
A, B, and C vomited repeatedly, whersas Subjeut D wae without symptoms, and their relative susceptibili-
ties in spsceflight, in order of decreusing eusceptibility, was judged to be BACD,

9+  Head Movements During “Zero g" Parabolas =- After the Missiou:

This stimulus, on the 3rd day sfter lunding from the Spacelab 1 nmission, provoked no signs or
symptoms of motion sicknaess in any of the four craw mumbsrs. After the 20 parabolas of stereotyped head
movemants, an additional 20 parabolss were flown for the purpose of othar experiments, snd ths four craw
mombers had no sickness during those parabolas either, in spita of much floating about.

DIBCUSSION
The results are summarized in Table Z,

Table 2. Relative susceptibility of the four crew members, A, B, C sand D,
to the various stimuli, in order of decreasing susceptibility.

STIMULUS SUSCEPTIBILITY
moat ===w- least
Sled Feb 79 - no sickness -
PAM (horie axis) Fab 79 D ACGEB
PAM (horiz axis) Apr 83 D ACB
KRC 135 {uiscell) Mar 79 D B C(A)
KC 135 formal Mar B3 D C A B
Quastionnaires D A B C
Revarsing prisms Fab 79 A B COD

Space flight Nav/Dac 43 (B){A)(C)(D)
KC 135 postflight Dec B3 = no sickness ~

( ) indicates the crew membsr used antimotion sickness druge

It is, of course, iwpossible to draw condlusions from an experiment with variabla results and a
subject population nf only 4, aspacially since the day=-to~day intrasubject variation in wusceptibilit
is eignificant (R. Kannedy, parsonsl comminication). However, the number of subjects will incrasse wit
the Spacelab 4 and D1 missions, and with tha f£iights of the Canadian payload spaciaslists, and valuable
insights can be snticipsted after thesa flights have been completed.

In many of the preflight motion sickness experiences of the Spacelab 1 crew, it was “splitting
haira" to ssy that one subject was more or luss susceptible than snuther. However, it does ssem clear
that Subject D was the most susceptible subjact overall on ths many preflight tests, and tho least sus-~
ceptibla to spaca motion aickness. This finding was opposits to the kind of finding anticipated, even
thaugh anecdotal descriptions of aimilar findings have been ancounterad. Also, Subject B was one of the
least ouaceptible subjects on the preflight teste and the most sudceptible to space motion sicknees.
The possibility that resistance to epace motion sickness is actually assoclated with susceptibility to
other forma of motion sickness should perhaps be given werious consideration, although it wshould be
cvemenberead that all four of thesa subjects sra less susceptible than most psople in a genecral popula-
tions It is commonly held (8) that peopls who ara extremely susceptible in one environment can be
expected to bs extremely susceptible in other anvironments slso, but predictions regarding persons of
wore moderate susceptibility are luss certuin.

Any interpratation of the spaceflight vesults is complicated by the fact that the differsnt tasks
of the different craw members raquirved different amounts of bodily wovemant and head movement at Jdiffer-
ant times of the “day”s Such interpretation is also complicated by the use of antimotion wickness
drugs, espacially since Subjects A and 0 took tha druge prophylactically and Subjects B and C took them
only aftar motion sickness was well developad. 1t is parhaps possible that antimotion sickness drugs
ave apactacularly affactive against spaca motion sickness in soms, or one (Bubject D), of the subjects
and near-useless in soms others. 1f this were so, it would sesm to be imposaible to roveal anything
about a subject's “susceptibility to space motion sicknass” by drug-frea tests on Earth, if he took the
spactacularly effactive drug juet bafore lsunch., In the three subjects who suffered space motion sick-
ness, however (A, B, and C), tha druge that wets used sppeared to be only moderately helpful, and sick-
ness occurs routinely in spacefiight in spite of standard medications (9,10,11).

Tha sxcaptional preflight test was the reversing prisms tast, in which Bubject D was judged to be
least susceptible to the sickness and most adaptable ta the new "environmant®. Unlike thw findings in
all the other preflight tests, tha relative susceptibiiities of the four subjects to this test (ABCD)
was similar to tha relative suscaptibilities to space wotion sickness (BACD, using drugs), which is a
finding consistent with the suggestion (12) that the unusual loss of gain in the vastibulo~ocular roflex
in weightlessness might bo important in c¢psce motion sickness. Possibly, people who find that a change
in the gain of the vestibulo-ocular reflax is provocative, and who adapt slowly to sunch a changs, are
peoples who are susceptible to space motion sickness. In considering such a possibiifty it is important
to remsmbsr that tha suggestive evidence is winiscule, couplicated, and barely visible through the
obacuring fog.
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It was noteworthy that ali four subjects suffered no wotion sickness at all from head wovemants on
the KC 135 zero g parabola tests ou the third day after returning from the mission. Thisw postflight
result vas unlike the rtesults from the preflight parabolic stimuli, and it might be suggested .hat tha
adsptation to ths weightless environsent during the mission conferred immunity to the parabolic
stisulus, It hae been reported that space flight has conferred reeistance to the Coriolis stimulus also
(13), but such transfer of habitustion did uot, apparently, prevent tha ssa sickness that has been
raported (snecdotally) in saveral asstronauts who raturnad from space by capsules that landed in the
sea, If reliable records of such sea sickuess wers available, it would be intevesting to kaow whathar
the ses sickness occurred aven in astronsuts who spsat sunough time in space to bacome adapted (4 days or
80) or whether it occurred only in those who wers in space for shorter timeas.

Another possibility, coucerning the lack of sickness in the postflight KC 135 parabola tests, is
that rendom day-to-day variability in susceptibility produced that unususl result. Further tests of
later Spacalsb crews should settle the matter. If in fact the adaptation to spaceflight causss {mmunity
to the KC 135 parabola stimulus, then it would seem reasonable to hope that adaptation to the KC 135
parabole stimulus might causs immunity to tha spaceflight stimulus, but such a process of prehabituation
would possibly be a peculiar one since the. pacple who wers suffering no spparent sickness might be
bunefitting from extensive exposure to the KC 135 stimulus, and the peocple who were suffering sickuess
from the sxposurs might be tha ones who do not nesd the exposure (such as our Subject D).

REFERENCES
l. Homick J.L, Space motion sickness. Acta Astronsutica 6: 1259-1272, 1979.

2. Lackner J.R. Vestibular Selection Criteria for Spece Bhuttle Persconal: A Cxitical Analysis of
the Problem of Motion Sickness. Submitted tc the Office of Life Sciences, L.5. Johnson Space
Centre, NASA, Houston, Texas, Supported by NASA Contract NAB9~15147, pp 1~69, 1978,

3.  Graybiel A., Wood C.D, Miller E.¥,, and Cramer D.B. Diugnostic criteria for grading severity of
acute motion sickness. Asrospace Med, 39: 453-455, 1968,

4. Legex A., Money X.E., Landolt J.P,, Cheung R.8., and Rodden B.X. MNotion sickness caused by rota-
tions aebout REarth-horisontal aud Earth-vertical sxes. J. Appl. Physiovl.: BRespirat. Environ.
Exexrcise Physiol. 50: 469-477, 1981.

5. Miller E.¥,, Graybiel A., Kellogg R.5., and O'Donnell R.D, Motion sickness susceptibility under

weightless and hypergravic conditions genarated by parabolic flight. Aevospace Mad. AO0: 862-868,
1969,

6, Money Kil. and Myles W.5. Heavy water nystagmus and effects of alvohol. Nature 247: 404-405, 8
Feb 1974,

7., Oman C.M., Lichtenbexg B.K., and Money K.E. Bpace wotion sickness monitoring experiment: Spacelsb
1. NATO, AGARD, Aerospace Madical Pansl Symposium, Williameburg, Virgioia, pp 35-1 to 35-20, 1984,

8. Money K.E. Measutement of susceptibility to motion sickness. NATO/AGARD Confsrence Proceedings
No. 109, Aarospace Madicsl Panel Specialist Mosting, Glasgow, Scotland, B2-1 to B2-4, 1979,

9., Graybiel A. Coping with apace motion eickness in Spacelab missions. Acts Astronautica 8: 1015~
1018, 1981,

10, Money K.EX. and OCwan C.M. Madical monitoring and therapy of space motion sickasse. Space 2000,
adited by G, Napolitano, AILAA, pp 311-326, 1983,

11. Pool S.L. Space adaptation research project, STS-8, dstailed supplementary cbjectives (DS0),
summary report, NABA Johnson Spacs Centrs, pp 1-33, 19 December 1983,

12, Lackner J.R. and Graybiel A. Varistioma in gravitoinertiasl force level affect tha gain of the
vestibulo-ocular raflsx: Iwplications for the etiology of space motion sickness. Aviat. Space
Environ, Med. 52: 154-138, 1981,

13. Graybiel, A. and K.¥, Miller. Motion sickness 'in skylsdb astronauts. -Environmental Bioleogy (mditad
by B, Bhatia, G.5, Chhina, Baldev Bingh), Interprint Publications, Mew Deihi, India, 1976,

ACKNOWLEDGREMENT 8

The authors acknowledge with thanks the support amd bard vork of Rom Cirdin, Bob Cheung, Al
Nicholas, Larry Yeung and the seven SL | pcyload crew candidates who esdured the unendurabla.

e




b
§
;

33-8

DISCUBEION

LENT2: Can you tell us a little bit more sbout the duration of exposure on your reversing leuses
portion back in Fabruary ' 79.

MOMEY: I believe one of tha subjects stoped after abeut 70 min. but it was intended to ba about
an hour and a half. Oaly if the subject decided he didu't want to endure any more of the nauses did
it end much before that, I would like to add that we repeated the prisms goggle test two other timas
and by and large the results were the same. In February '79 we went about 90 min., the other times we
went longer. As 3 matter of fact, one of the principal objectives for using the prisms goggles tast
vas to acquaint our subjects with tha differencs between their responses in s quick test and to pro-
longed stimulatiou, The responsses and the ordering across all thres tests wers pretty consistent.
The most susceptible subjacts may have exchanged, A and B may have changed places on some of the other
two tests but by and large the results were consistent.

UNIDENTIFIED SPEAKER: What was the hasd position of the subjacts during your haavy water tests.

MONEY: The subjects were aupine for 15 minuies. Then they spent 10 minutes on the laft aide
down and 10 minutes on the right side down, etc. This wvent on for approximately 2 bours. MNone of the
4 who flew actually showad any symptoms although thay did show very strong positional nystagmus and
one of the other subjects who has not yet flown did show good strong motion sickness symptoms as well
as nystagmus., Wa'll have to wait until he flies to know whether there is anything in%eresting.

LACKNER: Did you have the opportunity to tust the astronsuts post-flight on provocative wotion
sicknass tests?

MONEY: Postflight, wve had access tu the crav for only ona provocative test, tha KC 135 test, On
that test, all four subjects wers sotirely immune and also floated sbout during subsequent parabolas,
thoroughly enjoying the sxperisnce.

BLES: Why didn't you do post-flight tests with drugs?

MONEY: It was hoped that uwone of the subjeu:s would take drugs befors flight. As it turned out,
two of them (because of requirements of other activities) did take intimotion sickness drugs just be-
fors launch,

VOX GIERKE: 1If one belisves in the conflict theory of wotion sicknaas, it appears to me that in
the priem goggle test one should not measurs the degres of initial disturbance but the tixe required
to adapt/reorient to the ravexsed psrception. Do you have & messure of this time?

MONBY: We did record the apparent speed and extent of that reorientation and, in fact, our weub=
jact D was the one vho adapted most quickly and completoly. He learned to negotiste cornars without
intellectualising, and cften wearing the goggles he experienced illusory wovement of his visual werld
":.:n making head wovements. This was the subject who proved to be non-suscaptible to space motion
sickness.

GUEDRY: Did any of the tests, other than the revereing lenses test involve goal ‘directed beha-
vicrs?

MONEY: The only other motion exposurs that involvad goal directed behavior was the informal part
of the KC 135 flights, when the subjects {loated about to get familiar with locomotion in weightleas-
nass.

CLAUSSEN: Which grosc modal do you presently build up as a consequence of your findings?

MONEY: Wa could not derive a gross model from our limited number of subjects, but the Zindings
wers consistent with the idea that suscaptibility to spuce sickness involves sunsitivity to retinpal
slippage (or tha resulting reorganisation eutunyg and inability to adjust VOR gein quickly. This
model is still viable, but it {s not 1ikely to be the core of the problem.

KENNEDY: The criterion dats show that the sstronauts sil took druge during £1light, Were they
the ssue druge, ssme time, etc? Thus cthe comclusion could be that druge intersct with individual amd
or predictive values of ground tests.

MONRY: Subjects A and D took scopolomine plus dexsedrine just before lauach and regularly
thereafter. Subjact D was non-susceptible to space sickness whersas Subjsct A vomived repestedly.
Subjecte B and C, both of whom vomitud repestsdly, took drugs only after their epace. nickness vas well
establishad (B took Scopdex, O took promethasine plus ephedrima). It is possible that D haé an unusu-
ally beneficial response to scopdex.
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ABSTRACT

Thers have been numerous recent documentsd and anecdotal
reports of airorews expariencing pseychophysiological disturbances,
visual illusions and sickness following the uss of flight simu-
lators. Symptoms of gimulator sickness occur not only during flight,
but in some individuals, have lasted up to several hours post
exposure. Furthermore, simulator aftereffects nay be delayed:; some
alrcrews report symptom onset as late as eight to ten hours post
utilizgation. Incidents of simulator sickness have been documented in
fighter, attack, patrol and helicopter simulators. These occurrencas
have been reported in both motion-base and fixed~base simulators, to
pilots and other aircrewmen, as well &s inatructors. Preliminary data
suggest that more exporisnced alrcrewmen are at greater risk and that
such factors as wide field-of-view and visual/inertial lag contribute
to the problem, Simulator sickness represents a major obstacls to
obtaining the full training potential from the vast inventory of
flight simulators currently in use and under development. Obviously,
the learning capability of ar individual who is suffering discomfort
generated by a simulator is greatly compromised. Moreover, there is
the possibility that the viisual and proprioceptive cues responsible
for simulator sickness uay contribute to negative transfer of training
in ectual flight.

Data on pilot experience and exposure factors, symptomatology,
scores on postural disequilibrium tests, video-gare performance and
engineering Jdesign aspects in two dJdifferent Navy helicopter simu-
lators sre praesented, along with a brief review of past simulator
sickness studies.

INTRODUCTION

S8ince Worid War II, training in simulators has become more popular, due to
their economies in uipment and fuel, plus their attendant advantages of
maintenance, availability and safety. Orlaneky and String (1,2) have provided
eloquent sumnary aetatements of their effectiveness. Mew types of simulators,
such as those for training air combat maneuvering, air cushion vehicles and
Skylab crews, ssem to be in great demand. Unfortunately, there has been a recent

increase in raports of discomfort and distress associated with the use of flight
simulatore.

Bince the phenomenon of simulator sickness was first reported by Havion and
Butler (3) and Miller and Goodson (4), a large body of anscdotal and documented
evidenca has accumulated. This evidence suggests that simulator sickness
symptomatology resembles motion sickness and other forms of distress which occur
after axposurs to altered and rearcanged sensory information (5).

Humans, along with other species, adapt biologically to scological changes;
otherwiee, they do not survive. Sometimes, this udaptation involves long-term
evolutionary modifications of structure and function. However, less parmanent
modifications occur which capitalise on the plasticvity of the human central
nervous system. These short~term changes may be considered under the general
rubric of adaptation ¢to the environmentr but persons who study learning,
habituation, acolimatization, adjuvatment, compensation, satiation, and other
timea-course events may be examining similar processes. Thess short-term changes
in human behavior and performance make simulator sickness an important problem.

It is axiocmatic that wotion is the basis for motiun mickness; and the
constellation of symptoms which ocour under scme force environments illustrates
that this is an enological chaunge to which humans have not yet adapted. MNan-made
systems, such as ships and airccsaft, have introduced new force anvironsents wors
rapidly than would be the case for most scological changes.

Opinions or conclusions contained in this report are those of the authors, and
do not necessarily reflect the view or the endorsement of the Navy Department.
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It is our view that motion sickness is a normal congequence of exposure to
cartain moving environments (6). The incidence, time course, symptom mix, et
cetera, follow certain rules, some of which are known. Frequently, if the
stimulus paramsters of the force environment are sufficiently specified, our
technology can predict the rasulting incidence of sickness (7). It follows that,
to the extant that the real aystem produces motion sickness, a simulator which
replicates the real environment is liable to induce the same responsas. Howevar,
when a simulator produces effects which are dissimilar from those which
ordinarily occur in the aircraft, then the adeguacy of the simulator must be
challenged.

REPORTED CASES

Simulator sickness is a problem of recent vintage. Its occurence was first
reported in aircraft simulators (3), then in driving simulators (8). Although
trainers/simulators have baen around for several years, it is only recently that
wide field-of-view (FOV) visual systems have been incorporated into simulator
design. It appears that the onset of simulator sickness corresponds closely to
the introduction of wide FOV visual displays. This is not to say that wide FOV
visual displays are tha causal factor, As will be eeen, and as has been
documented elsewhere (5}, 1982), the lssue is far more complex.

Unfortunately, tho data on simulator sickness is sparss. With respect to
flight simulator sickness, nearly all the docuniented cases are found in military
;ochnical reports of limited distribution. A brief review of these studies
ollows:

Havron and Butler (3) published the first report of simulator sickness
ocouring in a flight trainer. In their study of the 2-FH-2 helicopter hover and
autorotation trainer, they noted that 778 of the individuals exposed to the

trainer experienced some type of symptomatology. They also noted that some
effects lasted saveral hours following simulator flight and that there were
dalayed effects. In a later study of the same nimulator, Miller and Goodson
(4,9) found that 60% of the instructor pilots rcfortod symptomatology, aa
compared to only 128 of the student pllots. This finding suggests that
experisnce may be an important factor. Miller and doodson also reported the
occurrence of delayed effects in one instructor pilot who became ‘'so badly
disorisnted in the simulator that he was later forced to stop his car, get out,
t(lgd walk“u;round in order to regzin his bearings enough to continue driving®
v P 2 .

One of the first attempts to document the problem in the Air Force was
teported recently by Kellogy, Castore and Coward (l2). They surveyed 48 pilots
using the Air Force Simulator for Alr-to-Air Combat {SAAC) and found that a
majority (88%) 1.ad experisnced some symptoms of simulator wsickness (primarily
nausea) during SARC training., Of particular interest were the P-4 pilots, who
reported delayed perceptual aftereffects occurring 8 to 1@ hours following
simulator flight. These included sensations of olimbing and turning while
watching TV, or uxperliencing an 18@-degree inversion of the visual field while
lying down. The authors cogently suggested that “the users of auch (wide fleld-
of-view) simulator should be aware that some adjustment may be required by

pilcl:glu when stapping back into the real world from the computer-generated
wor .

In a study of flight simulator motion sickness conducted for the Canadian
Department of National Defence, Money (11) reported that nearly half of tha
pilots using the Aurora simulator experienced sickness ranging from slight
discomfort to mild nausea.

An investigation of simulator sickness in the Navy's 2E6 Air Cowbat
Maneuvering Simulator (ACMS) found that 27% of the alrorews using the ACMS
reported varying degress of symptoms (12). The more oxpsrisnced aircrews (over
1588 f£iight hours) had a higher incidence of symptoms than the less experienced
flight crew. Diceiness was the most frequent symptom, followed Dby vertigo,
disorientation, “leans," and nausea. The incidence of symptomatology was greater
in pilots than in radar intercept officers (RIOs). The authors luzqutod that
one raagon for the reducsd levels of simulator siokness found in the 2E6,
relative to the Air Porce SAAC, may have been the lese intensive scheduls of
sinulator time. Exposure duration and frequeuncy appear to be potentially
LTporunt(v’rhblu. as has been found in other environments that produce motion
sickness (7).

Frank (13) has reported that almost one out of svery 1¢ individuals using
the P-14 simulator (2F112) experienced symptoms of simulator sickness, and that
close to 48% of the 21 aircorew sampled using the E-2C simulator (2F118) reportaed
symptoms. Croeby and Kennedy (14) have documented cases of simulator siokness in
the P-3C simulator (2¥87), particularly at the f£light engineer's position.

Tables 1 and 2 represent an attempt to collate the literature on simulator
sickness occurrences 4in Zlight trainexs. Table 1 prasents & rudimentary
catagorisation of the ocharacteristics of four simulators wherse “sickness* has
beon recorded in formally reported studies. Table 2 summarizes the Zindings of
the seven studies performed on the four simulators praessnted in Table 1.
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Table 1. Flight simulator characteristics §
Designation 2FH2 2E6 SAAC 2r87 g
’ Aircraft Bell HTL P4/F14 ¥4 p3~C '
Type Helicopter Fighter Fighter Patxol
Mission Hover Air/air Alr/air Flight
train combat combat train
Base
Type Fixaed Fixed Motion Motion
Degree-of-freedom - - 6 [
Max g - - 2 .8
Enhanced* - Yas Yes -
+2~,4Hg Component? - - Yes Maybe
Noige simulated Yas Yas Yas Yes
Vibration simulated Yes Yen - -
Cockpit
Type Oren Enclosed Enclosed Enclosed
No. crew stations 2 2 1 3
Display
Type Project Project c16 c16
Medium Bcreen Done 8 CRTs 3 CRTa**
Source Point Pt. source CIG & CI1G &
source TGT pro) model model
Content Sky/earth Sky/earth Sky/earth 8ky/earth
targets targets
Luminance “Dim® Mesopic Mesopic Mesopic
Resolution “Blurrzed" Soft Good High
Motion rangs 6DOF 6DOF 6DOF 6DOF
b OV Horiron (deg) 268 kLT 296 48w
Vertlical 78 150 1808 36WeN
Lag Visual 2-3xNorm +.208" +.20% +.15%72
Inertial - - - -
Typical miss. length - 3¢-50min. 45-60min. 4 hrs, !
o
*  Use of g suit, g seat, dinm lights, etc. . 3
%% pllot = 2; co-pilot = 1y flight engineer = 8. { f
*** One window.
i
Although it is tenuous to generalize from the studies raeviewed, the 3
following points emerge:
1. The rsported cases are divided sbout evenly umong fighter, transport '
a helicopter aircraft simulators.
1 2. Bymptomatology has beaen reported in both fixed-base and moving-bass
i simulators.
{ 3. Flat-scresn, dome and computer image generation (CIG) visual systems .
1 are all implicated.
{

4. Wide field=-nf-view is implicated

i 5. The greater the intensity or duration of simulator exposure, the
- greater the likelihood of symptom occurrence.

6. Visual screen {llumination was dim or at mesopic levels.
7. Little attention has been paid to the role of visual and inertial
laga, There are several anecdotal reports of excessive and noticeable lags.
Comments have been made that simulator latencies are “out of specification.”
8. There was more sickness in experienced pilots than in setudents.
9. Incidences ranged from 118 to Gad.

1¢. Aaptation occurred or was ‘mentioned in 3N of the studies.
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Table 2. Flight simulator studies
Authors Hartman Kellogg MoGuinness
& Hatamell et al. at al.
(1976)(15) (198¢)(1d) (1981)(12)
Type study Survey survey Survey

Focus aof study

Incidence of
sim. sickness

Incidence of
sim. sickness

Incidence of
sim. sickness

Simulator type Fighter Fighter Fighter
Simulator designation BAAC SAAC 2E6
Trial duration Unknown 2.5 hours +5=1 hour
No. trials - 5 1
Subjacts Who IPs Pilot Pilot
No. 114 48 66
Symptoms
How obtained Quest/int Interview Questionnaire
Onset During During/post During/post
Max duration - All week 8 hours
Max § with symptoms 52 88 27
Max % quitting* - - +
% Reporting
Vomiting 2
Nausea 14 79 9
Digeiness - ki 17
Ataxla/kinesthetic - 62 12
Sweat - 54
Palloyr - - -
Visual 5@ 71 8
Headache 32 - [
Dzowsiness/fatigue 32 - -
Disorientation 52 - 11
Attentional - k1.3 -
Habituation/adaptation = Some -
Experience «f fecta* No - +
Instr/stud effecty® No - -

* 4+ w Instructor or experienced parson with greater sffects.

11, Vomiting was rars.
12. Nausea, dizriness and ataxia were the most commonly reported symptous.

13. Reporting of symptoms is not complete. For example, sweating, which is
ordinarily associated with motion sickness, is not nentioned by the pilot unless
ha is queried, because he belisves it is due ¢o the heavy workload.

14, There are possible negative implications of simulator sickneas which
can be grouped into three broad categories:

a. Compromised Training. First, symptomatology way interfera with
learning in the aimulator through distraction. Becondly, since humans are
flexible, trainees may adapt to unpleasant perceptual experiences. If new
learnsd processes are not similar to rc?onul regquired in flight, then the new
responses comprise negative transfer to in-flight conditions.

b. Decreased Bimulator Use. Because of the unpleasant side effects,
simulator usage may descreass, or persons may lack confidencs in the training
that they receive in such simulators.

. Simulator Aftereffects. The e:posure to the simulator mway result
in aftereffects, or post-effects. These are not unlike the post-effects of othezr
devices; but their relevance to safety (e.g., driving home) is not Xxnown.

Table 3 pressnts the remaining documented reports of simulator sickness.
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Table 2. Flight simulator studies {(cont.)
Authors Havron & Miller & Ryun, Crosby &
Butler Goodson 8cott & Kanhedy
(1957)(3) (1958)(4) Bx-tming {1932)(14)
(147€ -4 i6)
Type study Evaluation Field exp Field exp Fivld exp
Focus of study Training Etiology of Motion Off-zxis
affectivenass mot. sicknecss aeffects viewing !
Simulator type Helicoptar Helicopter Patrol Patrol
Simulator designatioon  2PHZ 2HF2 2r87 2p87
Trial Duration 30 minutes Unknown 4 hours 4 hours
No. Trials 12 4 1 1
Subjects Who Inst/stud Inst/stud Inst/stud Flight eng
No. 36 19+ 47 20+
Symptoms
How obtained Quest Q/int¥ Quest Quest/int*
Onset Dur/post Dur/post - Dur/post
Max duration 24 hrs - - -
Max § w, sympt 78 60 Inst 11 5¢
15 gtud {
Max § quitting - - - -
$ Reporting
Vamiting
Nausea +
Dizziness +
Ataxia/kinesthetic + 11 LT
Sweat
Pallor
Visual +
Headache + [
Drowsiness/fatigue +
Disorientation
Attentional +
Habituation/adaptation Gome - No -
Experience effects*v - - No -
instr/stud effects** + + No -

* Symptomatology either not evaluated or not evaluated in detail.
** 4 w Instructor or experienced pezson with greater ffects.

EXPERIMENTAL PLAN

Because of the sparse data on simulator siockness and its possible negative
implications, the U.5. Navy has daveloped a protocol to systematically survey
its flight trainers in order to: (a) escertain the frequency of occurrence of
the various symptoms: (b) determine if there are human performance side effects
due to simulator exposure; and (c) determine the magnitude and duration of the
effects. When collected, thuse data will be used to develop simulator design and
procedural use methodologies for the amelioration of simulator sickness. These
data will also assiot in defining the aetiology of simulator sickness and
orn:ributc to a further understanding of the mechanisms involved in motion
sickness,

FIZLD EXPERIMENT

Two U.S. Navy helicopter simulators were investigated in a pilot effort to
test the protocol procedures and to determine if any changes in pilot
performance, postural steadiness or symptomatology ocourred as a result of
simulator exposure.

MATERIALS AND METHODS

Subjecta

Thirty-six designated Naval aviators flew the 8H-3 helicupter simuiator and
28 different Naval aviators flew the SH=2 helicopter simulator. All subjects
wores in good health at the time of testing and were qualified helicopter pilots.
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Table 3. Simulator sickness incidence reports

Authors Type report Simulatox Focus of report

sinacori Incidence v/sToL gimulation

(1967)(17) tachniques

Kellogg, Castore Information SAAC Simulator

& Coward (P4) sicknass

(1988)(1@)

Money Inclidence & CF1l4@ Simulatotr

(1989)(11) recommendations (Aurora) sickneas

USN Massage Requirements 2FB7 Visual display

{1980)(18 (p=3) upgradae

Wenger Incidence 2F87 8imulator

(198@)(19) (p-3) sickness

Frank Incidence 2F110 Simulator

(1981)(13) (E=2) sickness

Frank Incidence 2F112 Simulator

(1981)(13) (F-14) sickness

Kenned Incidence & 2y87 Simulator

(1991){20) racommendations {P=3) sickness

UBN Message Guidelines 2F112 Alrcrew

(1981) (21 (F=14) readjustment

Prank & Crosby Incidence 2PIL17A Paychophysiological

(1982) (22) (CH-46) disturbances

Simulators

The SH-2 simulator (Device 2P196) had a 144° X 32° (H X V) field~-of-view
which was generated by a “vital III" calligraphic night CIG. The display was a
four-window, thres-channel, folded on-axis virtual image. The 8H~3 simulator
(Device 2F64C) had a 13@° X 38° (H X V) field-of-view which was generated by a
“yital IV"' calligraphia dusk/night CIG. The display was a seven-window,
five~channel, folded on-axis virtual image CRT display. Both simulators had a
synhergistic, six-degree-of~freedons, 6d-second wmotion-base system. The flight
scenarios were relatively uonstant across subjects, The scenario consisted
primarily of familisrigatlion rides arocund the “local' simulated work area. The
average exposure duration for each subject in the simulator was two hours.

Motion Sickness Quéestionnaire

The Pensacols motion sickness questionnaire (MSQ) was used to determine
esach subject's past motion-exposure history and susceptibility. It is an omhibus
anamnestic form that has been item analyred, empirically validated and
cross~validated against a laboratory procedure for the pradiction of moticn
sickness. MHQ wcores are related to flight training success (23,24).

Symptomatology Categorisation

Figure 1 Erilintl the symptomatology diagnostic categorization worksheet
utilized in this study. In an effort to improve its precision and utility,
Wiker, Kennedy, MoCauley and Pespper (25) expanded the five-point scale (three
degrecs of malaise, plus vomiting and vestibular sickness) used in the Pensacola
diagnostic worksheet, to the seven-point scale shown in Table 4. Wiier et al.
found that the seven=point scale wan esasy to use by different ratars and yielded
an inter-rater reliability of r = .95, Moreover, thers is a high corrslation
(r » .80) Dbetwesn subjeot recordings of their symptoms and exparimenter
observations of vomiting.
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Table 4. Diagnostic criteria
for levels of motion sickness severity

Experimenter's report of emesis
Two major symptoms (including retcn and subject's
report of emesis)
One major and two minor aymptoms
One major symptom alone
or
Two minor symptoms
or

s o~

One major and one minor symptom
or

One minor plus four other symptoms of which two (or
more) are stomach awareness, sweating, drowsiness
or pallor (depending upon whether pallor is scored)

One minor plus other symptoms

More than two othar symptoms are reported

Any symptom related to motion sickness is reported

No symptoma are reported

QN W

Performance Testing

A commercially available Air Combat Maneuvering (ACM) Atari®® video game
(CX-2601 $24) was used to test for possible psychomotor performance decrement as
a result of simulator exposure. The ACM game is & two-dimensiocnal pursuit
tracking task which has been shown to be stable (26), related to other
traditional tests of manual control (27), and appears to be a useful test for
the measurement of pilot skills (28).

Postural Bquilibrium/Ataxia

Two postural equilibrium tests were administered four times each, before
and following wsimulator exposure, +to each wsubject. These tests weret

l. Walk-Heel-tn-Toe-Eyes-Closed (WHTEC). Subjects were started in an
arect heel-to~-toes position with arms folded across the chest and eyss closed.
They were then asked to walk 10 heel-to~+oe stsps without side-stepping, at a
rate that was neither too slow nor too fast as exhibited by the examiner.
Subjects were stopped and their scores recorded when they either side-stepped,
fell, or complieted the 19 steps.

2, Stand~on-Praferred-Leg-Eyes~Closed (SOPLEC). BSubjects were asked to
choose thair “preferred" or “best” leg, and to stand on that leg only in the
orect position for a maximum of 3¢ seconds or again, until thay side-stepped or
fell.

Procsdure

The MSQ, postural equilibrium tests and the ACM performance test wers
adminiatered to all subjects prior to their entering the simulator. Thirty-one
subjecta “played" the ACM video game befors taking the postural equilibrium
tasts and 33 the reversea. Each subject received four trials of 2.25 minutes on
the ACM performance test before and after simulatcr exposurs.

Following simulator exposure, subject reports and objective experimenter
recordings of motion/simulator sickness signe and symptoms wars performed.
Postural aquilibrium tssts and ACM performance tests were also administered,

RESULTS

There wexe no significant differences in results between the axpariments
conductcd at the two simulators, and so the data were pooled for purposes of
analysis.

The results show that pre~ and post-ataxia scores were not significantly
different (P=.5), nor were video game parformances (P=,5). Symptomatology scores
are shown in Table 5. Thirteen percent of the pilots reported symptomatology
related to discomfort of conaiderable magnitude. Nearly 4@% reported two or more
symptoms, and 88% indicated that they experienced cone or more symptoms. MSQ
cig::- were mildly (p = ,1@) predictive of thoss subjects who had greater
d culty.
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Table 5. Simulator/motion sickness
symptomatology scores for the SH-2 and 8H-3
helicopter simulators (N = 64)

Symptom Frequency
Rating SH-2 SH~3

None a 7 6
1 11 16
2 5 10
3 4 3
4 ] 1
5 1 [*)
6 ] @

Emesis 7 ] g

DISCUSSION

+he symptomatology data in Table 5 are in concert with those of other
studies and clearly demonstrate that simulators can alter an individual's
physiological state. whether such physioclogical alterations are of import, and
what the exact nature of that alteration is, cannot bs determined from this
study. However, the aftereffacts reported by Miller and Goodson (4) and
Kallogg et al. (19) olearly support the notion that perceptual sensory
rearrangement can ocour, and that such rearrangément may compromise saftety.

Personal reports by pilots to one of the authors (TB) reinforce this
observation. One pilot reported that he experienced diseguilibrium on the
evening following a four-hour helicopter simulator (CH-53) ride, while he was in
a movie theater. The disequilibrium ococurred when the scene panned a landscape.
In a second case (much like that reported by Miller & Goodson, 4), an aviator
axperisnced a feeling of detachment while driving home about half an hour
following a four-hour helicopter simulator (CH-53) exposure. He “found it
mandatory to pull off the side of the road to avoid being a hagard to the normal
flow of traffic," until he regained his awarsness.

A third, and more telling, anecdote came from an instructor pilot with more
than 5800 hours in a simulator. He claimed that while attempting to land a real
helicopter in a clearing, he had the illusory feeling of being in the simulator,
snd recalling that *...simulators land high...,"* had trouble sstting his
airceraft down. Just as he was about to hand over control to his co-pilot, the
vehicle made contact with the ground, and the disorientation subsided.

Tha tests of ataxia and psychomotor tracking performance failed to show
simulator effects. While the reliabilities of the tests we ussd were marginal
for these purposes (T = .45), Crosby and Kennedy (14) found significant ataxia
problems in aircrew following exposure to the P-3 simulator (Device 2F87), with

similar tests. However, the aircrew in that study, were in the simuiator about
four hours-=considerably longaer than in the present study. Thus, while bettaer
tests are desirable, it is our speculation that the postural equilibrium tests
uio probably sensitive enough to measure any meaningful effect gensrated by a
simulator.

As expected, video game performance improved from Session 1 to Session 2.
This improvement may have masked any simulator effact. Because scores change
over sessions with motor skilis tests (dua to insufficient subject time), it may
he better to emphasize cognitive ability tests in future studies. Howevar,
should post-affects turn out to be smaller than the wsession-to-session
improvament in a battery of stabilized performance tasks, whether motor or
cognitive, it might be possible to argue that there is mimimal disruption of
the constructs they measure.

In the present study, the same experimental protoccl was applied to two
similar flight simulators. As evidenced in Table 5, the results from each
closely paralleled, and we feel confident making comparisons between them.
When different protocols are applisd to different simulators, as has been done
iu the past (cf. Tables 1 and 2), comparisons are impossible. For example, two
additional helicopter simulators, similar in Jetail to those reported on above,
were surveyed for simulator sickness. The motion sickness symptomatology form
administered was developed by the local flight surgeon and differed from that
administered here. Bixty-four Marine pilots responded to s questionnaire after
having "flown* in either the CH-46 helicopter simulator (Device 2F1IL7A) or the
CH=53 simulator (Device 2Fl121). The subjects were not required to sign the
quastionnaires and wers about evenly distributed as “nuggets® (first tour) and
very experiencod pilots. Half of the subjects reported some side effects and
13 responded with dizziness. Digriness appeared to be more prevalent in those
individuals with less flight hours. The higher incidence of symptomatology
reported in the CH=46 and CH-53, compared to the 8H-2 and BH-3, is pactly dus,
we Dbelieve, to tha anonymity of the motion sickness form and the fact that a
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more relaxed criterion was employed. In a different survey, conducted by the
local squadron on the same Marine simulators, when subjects were asked whether
they had experienced simulator sickness (yes or no), only 12% responded “yes."
This latter incidence rate corresponda well with the finding of our field study.

GENERAL SUMMARY AND CONCLUSIONS

The present field study was designed to test an experimental protocol for
the agsessment of simulator sickness. It was found that a seven-point motion
aickness symptomatology scale, postural equilibrium tests and MSQ were useful in
determining the magnitude of the affacts. Although tha ACM video game did not
detact any pearformance decrement, it was noted that it may be difficult to
show eaffects, even 1n stable motor-gkills tests, if means increass with
practice. It was suggested that performance tests which asymptote more
rapidly (e.g., cognitive and information procassing) may be better candidates
for future studies.

It is obvious from this pilot effort that the nature of the stimulus must
be dafined. Future studies should include scenario definition, measurements of
visual and inertial lags and the rasonant heave frequency of the simulator.
Individual differences in pillot experiences must also be cbtained. (A detailed
listing of likely causal factors can be found in Frank et al., 15). In addition,
aftereffects need to be syrtematically evaluated. It is alsc obvious from this
study and the literature that simulator sickness is a problem. How large and how
sarious a problem it is has yet to be determined.
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DISCUSEION
LENTZ: Do you intead to take your test battery to the flight line (after mn actual £light) and
compare tlase results to the simulstor?

KINWEDY: Yeos, if possible. It is dafinitely a good idea to compare the post-effects of aeveral
woving enviromments. It would mot suryrise me if they cceur.

CURRAN: Does your survey of eimulstors imclude both fixed au. moving base?

KEMNEDY: Yes. Simulators are divided about aeveunly between moving and fized bLase; halicopter
and tlus wing; poilat source va. computer genersted imagery; U.B.Nsvy vs. Marine Corps.; wvery
wide (300°) ve. wot so wide (1207) FoOv.

LACKNER: Could you give us s susmary of the difference in incidence in sickness for the trsinases
vearsus the sxpeacienced piiots?

ERNNEDY: 1If you have lats of axparisnce im aircraft, it sometimes places you iu a less good po-
sition then if you hove nome, thare are a series of incidonces that bave besen reported on the real ba-
saxd of lots of exposuras in simulators. The problem is yst to be fuily sorted out.
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SPACE MOTION SICKAESS MONITORING EXPERIMENT: SPACIZLAS 1 1 !
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Symptoms and sigus of space motion sicknees and fluid shift wars obsarved by 4 specially trained crevmembers
on the physically demanding 10 day flight of Space Bhuttle/Spacelab 1 lsunched on 11/28/83. Anonymous but
datailad firsthand reports are presented. Three crswvmen experienced persistent overall discowfort, and
vomited repeatedly, Symptom pattern was generslly siwilsr to that seen in the iundividuals preflight, except
that: prodromsl nauses was brief or absent in some cases; facial pallor and cold sweating were usually
absent; one subject axperianced uncomfortable "stomsch elevation". However, symptoms were clearly modulated
by head movement, were exacerbated by unfamilisr visual cues, snd could be raduced by physical restraint
providing contsct cues around the body, Drugs known to be effectiva in preventing motion sickness were
judged helpful in limiting symptoms, including vomiting. Results support the view that space sickness is a
forw of motion sickness.

Page:
Background 1
Methods 3 ‘
Retults and Discussion k
Preflight Training and Testiug ] '
Ylight Experiment Results €
Overview: Subjact B 6 i
Bubjects A, C, shd D 9 5
Etiologic Yactors: -
Head Hovement 10 !
Visusl Orisntation Cues 11
Tactile/Propricceptive Cuss and ;
' Passive Body Restraint 12 }
EBpigastric Discomfort 13 ]
Bffectiveneoss of Pharmacological Countersmessures 14
Motion Sickness Syaptoms and Bigns Observad:
SBubjact B Bummary 15
Nsuses and Vomiting 16
i Cold Swerting 16
Palloxr 17
5 Hesdache 17
- Anorexis 17
£ Abdominal Souuds 18
" Additional Sympioms snd Signs Observed:
3 Yluid Bhife 18
& Back Pain 18
& Conclusions 19
%’ References 19
;‘q EARSROTRD
;.h

Since the first ruport of ™seasickuess"-like symptoms by the Soviet Cormonaut Titov in 1961, the incidence of
similar symptums have exceaded 30 percent in the Soviet Vostok/Voskhod spacecraft. Although thers were no
reports of sickuess from astronsuts in the smsller Mercury or Gemini vehicles, the incidence in the larger
Apoilo, Skylab, Bpsce Shuttls and Soviet Soyux/Balyut vahicles has approached 50% (Refs, 1, 2). The malady
has become generally koown ss "space sickness”, or mors recently, "spsce adaptativa syndroma™. A close
association betwesn rapid hesd and body wovesents and the davelopment of symptoms has been noted, which may
explain the apparent lack of sickuess in Mercury and Cemini, since crewsen could not wove about inside tha
cabin of these vehicles. Susceptibility to spsce sickness has been bighest during the firut several deys on
orbit. On Apollo 10, one crewmau exdcuted deliberste hesd wovemants in an attempt to basten adsptation on
the first two days of the mission, but was forced to stop within a winute by developing sy.ntoms. Movemsuts
wera still nauseogenic on tha seventh day, sithough stomach swareness was not produced unti. 5 minutes of
head wovesents vere completed. On Bkylab, controlled provocstive wotiou sicknecs tests were conducted for
the first time (Ref.1). However, the testiug did not vegin vuril the 5th day of the misaion, and by then
most crewsen vere virtually ssymptomstic, even when makiug head movements im a rotating licter chair, a
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stimulus which most of them had found quite provocative both preflight and postflight.

As we know it on earth, motion sickness is a condition characterized by stomach discomfort, nausea, vomiting,
palior, cold aweating, and other autonomic wanifaststions, and it is genarally sccepted that virtually
everyone is susceptible provided the stimulus is appropriste and lasts for & long enough time (Ref. 3).
Unfortunately, the physiclogical mechaniswms underlying motion sickness rerain poorly understood.
Nonetheless, behavioral evidence derived from the wide variety of different situations which make us motion
sick have offered some important clues (Ref,4), and have led to the developwent of “sensory conflict®
Liypotheses to explain the disorder: Sickness has been noted (Refs, 7, %) to consistently occur in situations
were man ls passively exposed to certain r12al or appurent motion stimuli, or to conditions of "semsory
rearrangement® in which the "rules" which define the "normal" relatiouship betwean body wmovements aud the
resulting neural inflow to the central nervous systew have been systematically changed. Apparently, whenever
the central nervous system receives sewsory information on the orientation and movement of the body which are
unexpected or unfamiliar in the context of previous sensory-motor experience, and this condition occurs for a
sufficient interval of time, mwotion sickness can be expected to result, Motion sickness may therefore be &
manifestation of s prolonged "overlosd" condition in brain centers which process body movement control and
spatial orientation informatiom. The physiologiciul processes responsible for coupling brain aress
responsible for movement control and those which mediate symptomn and signs of motior sickness have not been
determined, However, it has baen suggested (Hef, 5) that sansory conflict must in some sense be continuously
functionally "sversged", normally subliminally, by physiological processes which determine the dynsmic of
symptons and signs when conflict exceeds normsl levels. This would account for tha significant delay
frequently seen in the firet appearance of motlon sickness symptoms, sand the subsequent perseveration of
symptoms and sensitivity to further stimulation observed sfter the atimulus is removed.

The notion that space sickness is simply another form of motion sickness is an attractive one. 1In the
absence of gravitational loading, the four otolithic masses of the inner esr gravity sensitive orgsns would
ba expected to collectivaly assums nev positions relative to the underlying sensory cells, The pattern of
neural information £lowing to the brain during sll head movemants would seem totally “unfamiliar", until the
nev pattern is learned by expcerience. To the extent that visusl and tactile/proprioceptive orientstion cues
become smbiguous in weightlessness, one would expect episcdes of disorientation to occur, snd to be
potentially provocative. Therefors, from the perspective of the "sansory conflict" hypothesis, the
appedrance of motion sickness symptoms during the first faw days in weightlessness is hurdly unexpected.
Howevar, cxposure to weightlessness has other profound physiological implications as well, For example,
removal of the normal gravitationul losd on the cardiovuscular system produces an sadditional set of symptoms
and signs (stuffy noves, puffy faces, spindly lege) sssociated with interstitisl "£luid shift" £rom the legs
to the head and thormx. Available evidence indicates that these physical signs of £luid shift are apparant
in all crewmen to soms degree immedimtaly upom sutering zevo gravity, snd sre belisved to be present
throughout the entire period in weightlessness.

Based on wvailable descriptions, the symptoms and sigus of epace sickness and motion sickness have genarally
been thought to be su wimilar that, ss noted by Benson (Hef. 6), "in the absence of avidence to the contrary,
parsimony dictates that space sickness must be c¢ousidered as just another form of motion eickness", Hovever,
other hypothescs exist (reviewed in Ref, 7). For example, it has been speculatsd that perhaps fluid shift
might induco uauses and vomiting th{ough i direct effect on the central nevvous vystem via incressed
cerebrospinal £luid pressure or a change in its chemical consituency., Alternatively, incressed labyrinthins
fluid pressure or constituency might produce pathological changes in the vestibulur organs themselves,
Evidence in fevor of these notions i4 scaat, Howevar, it is lwporuant that these alternative hypotheses be
ruled out, The impsct of space ricknese on nruw efficiency now demands that wors effective methods for
prevention and treatment of space sickness be quickly developsd. To procesd on & sclentific basiy, it is
esseutial that the hypothesis that space sickness le & form of wmotion sickness not simply be accepted without
systematic collection snd scrutiny of sppropriate sciemtific evideuce. If space sickness is motion
sicknesn, othe would anticipate that the sickness intensity would modulate dependiag on the time history of
head movements, and perhaps depending on the particular type of head movements which were made. A» with
other forms of motion sickness, one would expect visual, tactile, and proprioceptive cues to play a
significant role in creating symptoms, and that when thewe cues ware properly manipulated, symptoms could ba
ullevisted. ¥xisting crew reports generally have tended to support these expectations. However, compelling
evidence has not yet besn systematically collected and documented.

Rusesrch on space sickoess has been complicated by a number of realitiest Crewssn genarally have opsrational
responsibilities which mske it impossible for them to prevent head and body movements prior to vestibular and
motion sickness teste, Crewvman are legitimately concerned that their participation in such tests might
subsequently coupromise their physical effectivensss. For the same ressons, pany crewnen take anti-motion
sickness drugs prophylactically, (although the effsctiveness of these drugs sgainst space sicknass has not
yet baan definitively established). Although cr heve fraguently described their symptoms in detail in
medical debriefings, these reports have sn anecdotal charvacter, aund have besn regarded as sufficiently
personal in nsture thst relatively few details huva been documented in the open scisntific literature.
Although briefed on the problem preflight, most cxewmun in the UB and Soviet programs have lacked credible
preflight experience and interest in the physiology and psychology of motion sickness aund spatial
orientation, snd have been unfamilisr with the professionsl vocabulary of these disciplines. It is therefors
not surprising that occasionally thelr reports have created some degree of confusion within the seientific
and clinical communities. Recently, a serious effort has besn made by the MASA Johneon Bpacs Ceuter to
collect uid interpret raports from Shuttle crewmen, Some of the results of this cffort are presented at this
weeting (Ref, 8),

Nov that Bpucelab is cpurstionsl, investigators have ths opportunity to wore thoroughly train parcicipating
crewsman to perform ressarch on spatisl orientation, movemsut control, fluid shift, sod motion sickuess on
orbit, In 1976, MASA selected a tesm of inwestigators from the Massachusetts Institute of Tachnology (UBA)
the Cansdisn Defence and Civil Iustitute of Eaviroumantal Medicine, snd McGill Dniversity (Canada) to develop
s group of interrelated sxpariments on hussan epatisl orientation, vestibular function, and motion sicknese on
three Spacelab wissions (Mef. 1). Complemsntary experiments io these disciplines ere also being developad
for the samn missions by other investigator tesws from ths USA and Europe.
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This report presents the operstionelly relevant results from space sickness monitoxing and provocative
tasting experiments developed by th~ MIT/Cansdian tesm, and flown on the ten day flight of Spacelab 1,
launched from the Ksunedy Space Center oo November 28, 1983 in the orbiter "Columhia™. As part of the
experiment, accelarometers were used to continuously record hesd movements in twc subjects, im orxder to
quantitatively examine the hypothesis that the level of sicknces is related to the level of activity in some
subjects. Analyosis of this portion of the dats is not yet complete, and will be pnblished elsewhers.
Results of related motion sickness susceptibility tests conducted pre and post £flight on this same mission
are described in & second report at this meeting (Ref. 9). When considered together with the lurge body of
results (in preparation) from the other Spacelsb 1 vestibular experiments ou visusl/vestibular/tactile
interaction, vestibulo-apinal responses, percuption of limb position, and s.tion thresholds ss well as
experimenty on mass perception, cardiovascular function and neurcendocrine regulation, these rssults may
provide sdditional insight regarding the etiology of mspace sickuess.

Bubjects were the 4 males, aged 35 ~ 53 at the time of flight, with no history or svidence of central or
peripheral vestibular disease, as determined by & clinical otomeurologic exsd. Two were professional NABA
Scientist Astronaut/Mission Specislists, one of whom had flowvan in space previously as Bcience Pilet on the 59
day Skylab 1II mission in 1974, The other two were Paylcmd Bpecialists, selected for the flight by the
mission Investigators, and included one of the suthors (BKL), auw MIT vestibular ressarcher. All four were
pilots. Three were curtent in high performance jet aircraft, 4ll considered themselves "lass susceptible
than most people to motion sickuess", PFor the reasons given sarlier, our subjects ware not naive, and
functioned as observers.

All four ¢rewmen (henceforth denoted as Subjects A~ D) vere asked to observe tha time course of symptoms and
sigus of space sickness and fluid shift, the relationship of thesa to head movements, and the affect of
visual, tactile, and proprioceptive spatial orientation cues on sickness intensity. Our primcipsl objective
vas to obtsin and document firstband ss complete a picture as possible of space sickaess as it occurred om a
physical activity intensiva, multi-disciplinazry Spacelab mission, while preserving the snonymity of results
from the individusl subjects. We asked Subjects B and G, who wore the head mounted accelerometers for
exteunded periods, tn make detsiled reports on symptom status whenever aymptoms changed, for subsequent
correlation with the hesd movemsnt records. FYor this purposs, & pocket voice recorder (Pesrlcordar EAZ0) was
carried by each of the two, and & “eymptom chackiist”, reproduced in Figure 1, wec provided. Bubjucts A sud
D wors the sccelsromstera only occasionally, snd vere asked £o use the checklist to wake appropriste notes
for use in postflight debriefing, (Yor various technical and programsatic ressons, objective physiclugicsl
recording of space sickness signs was not attempted on Spacelab 1, except that a stethoscope was used by two
crewmon on occasion to monitor abdomiual scunds. However, on wubsequent flights of this experiwent, facial
skin pallor and temperature will alio bs mouitored.)

102 P06 SYWPTON CHECKLIST

17 anasnin Wt V9
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FIGURE 1: Symptom Checklist

Provided to subjects for documentation
of symptoms and signs of space sickness
and fluid shift.

0
m VL on YAD
LFT FCE (ews, omas, va1ne,
STUM LRSS, PALUEAS)

VORITING, ETCHLNG (Tima, oumATION, MLIS? arFTURl)
UMUGE Cortcn, woil, SLOE EPORCTS, SPMICTIVEAALT)

Although we emphasixed the importsuce of systematic reporting, we anticipsted that 1f a crewsan was to be
able to provide frequant raports, oftam circumstances would not allow timw to evaluate all the items om the
checklist. In this situstion, the subjects were asked to provide osly & “short report™, consisting of a
single number. This wae & numerical weguitude estimste of the lutesvity of overall disconfort. Bubjscte
employed a sethod of veporting (Ref. 10) which was designed to produce s ratio scale. instructions to the
subjects, as they sppeared in the experiment procedures, wers as follows: "Fick 4 sensstion magnitude of
overall discomfort in the middle of the “woderate" venge, halfway to vowiting, Call this standard "10%.
Letimste the megnitude of overall subjective discomfort with respsct to it., If no eancation, say “ibseat®.
If just unoticabla, say “threshold®.

When time permitted, subjectyd were to procsed to the remalnder of the chucklist and log the pressnce and
where appropriste the intensity (on « 4 level gbasent/elight/modurate/intense, “8/M/I* scule) and location
("loc.") of 20 individusl symptoms and sigus, In constructing the checklist, which underwent sowms svolution
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during the course of training, we included the individusl elements of the Pensscola Disgnostic Criteris for
Acute Motion Sickuess (Ref. 11), plus additional itess which experisnce has tsught us are regularly seem,
particularly in long durstion motion sicknass. Iu training, emphssis was placed on developing a comsistent
vocabulary to describe eymptoms and sigus.

"Nauses™ ys» defined as that unpleasant sensation which, in its most intense form, is ususlly associxted
with the act of vomiting. Oaw of our stbjects (C) had very little lifatims experience with vomiting,
and therefore was unsure how to distinguish “oaussa” from “epigastric discomfort® ur geueral
“gueasiness",

YEpigastric discomfort™ was any sense of discomfort in the stomach, abdowen, or substermal (i.e. lower
adophagenl) areas which was not considered "nausea". "Epigastric avareness” was any sunsation drawing
sttention to these epigastric sreas which was not uncomfortable., Our subjects felt “awareness™ referrad
to a very low leval of epigastric discomfort, becsuse they generally feit " sa” could b
unpleasaut. For some, the distinction batwesn "discomfort" and "nsusea” was cleur; for others it was
not. We thorufors encouraged them to augmant veports of epigastric awareness, discomfort or nauses
with any other comments which better defined the nature of their sensations.

"81ight™ was to correspond to subjsctive threshold, or just sbove. "Intense™ was the most severe level
encountered, usually just prior to vomiting. “Moderste™ was the range betwaen slight «nd intenss. Our
subjects were instinctively precise lundividuals, and occcasionally commanted that they found it difficult
to detsrmine whan & seusation changed levels undar thess definitions, and would spoutsneously adopt s
saguitude estimation sethod of reporting instead.

"Raspiration" referred to respiration chenges, inecluding the slow, deliberate bresthing pattern soma of
our subjects employed becauss it made them "feel better™.

“Dizxinesa® referred to any uncertainty in orientation which outlasted hazd movement. "Vertigo" was a
fealing of spinning or movement in a definable directiom. :

“Gansitivity to seusory stimuli® referred to the state of uind where sounds and voices, odors, hest,
cold or tightness of clothing seem unususlly strong, bothersoms, or repulsiva.

"pallor" was judged visuslly, either using a mirror im tbe Shuttle Orbiter mid-deck, or by asking
another subject to act as observer, Even after training, our subjects did not slways have confidancs
they could describs pallor reliably on an absent/slight/moderate/intenss busis, and felt that reporting
"present™, "absent”, or “changad” would be beiter. We warned them that palloxr wight be masked im
waight Jussuess by fucisl plethora resulting from fluid shift.

Ia addition to sywptom monitoring, Bubjects B and C agread to sttempt to make some delibarately provocative
head movements in order to atudy spescific stimulus/response reiationships. Thae protocol consisted of a
“suscaptibility test” followsd by a “symptom comparison” teet, which explored the influence of eye closure
and the axis of head movowsnt. Thess tests wers originally schedulad for the end of the ™scientific workiug
day" on thke first, fourth, aund ninth days of the mission, Tha susceptibility teet wss conducted an follows:
If the subject was asymptomatic at tha start, he would strap into s sest and cautiously make forehead to kmeeo
head movements (to & 1.5 ssc. per movemeut cadence provided by i wetronowe) fo 7 head movements, then rest
for 10 seconds while waking & symptom veport, aud then repest until the very f£irst symptom or until 5 wminutes
had elspsed. If symptoss wore prasent at the start of the session, the suscaptibility test was to he
skippad, and the subject was to pexfors the "symptom compsrison” test. The comparison tast required s
slightly symptomatic subject so thet the bead wovement stimulus/sysptom responss relationship would ba
ismediately obviocus. Subjects first made up to 7 forshesd to knee movemants ayea closed, thea repeated this
eyes open, und ranked the two couditions iu texms of capatity to provoke an incraase in symptoms. After a
pause for recovery, subjects theu ware to make 20 secoud intervals of 90 degree hesd wovaments (eyes open)
successively in pitch, yaw, and roll, with rests iu between, apd then rank thess movements in terme of
provocativenesa, The final decision whether or how far to proceed with thess provocative tests was left
entirely in tha hands of the subjects, In flight the crewmen themsslves would be in the best position to
kuow whether symptoms could be constrained to levels such that they would uot jeopsrdize their physical
capacity,

Expsrimeut training was conducted at intsrvals during 1979~1983, sud consisted of:

1. Formal lecturea at our institutions in Boston, Moutresl, and Toronto on vestibular pliysiology, spatial
orientation, and wotion sickness, totalling spproximately 50 hours, as part of the overall training for the
MIT/Cansdian experisents,

2. Practical training on evalustion of motionm sickness symptows and signs resulting from “chronic"
stinulation schisved by wearing left/right vision reversing goggles while walking about the laboratory for
several hours, Two sesaions were couducted using & protocol similar to that describad in 2ef, 10, snd s
third session ss described in Ref, 12, in whick aubjects used anti-motion sickness drugs. In these seasions,
emphasis vas placed on recognition of the various signs of motios sicknesa, med the order in which they
appesared, and also ou avsluating the dynamic relationship between the onset of head movements, thas rise of
discomfort end nsuses, sud the subsequent dacline of these symptoms whan head movemeuts ceased!,

3. Less formsl practical tvaining in evalustion of symptoms and signe while serviug as subjectu in the
various preflight susceptibility tests as described in Raf, 9. uL«u consisted of borisoutal sxis rotation
(pitch wmode), horisontal lincar acceleration (y sxia), forehead to knee hesd wovements wads while vested
during the weightlsss ghase of parabolic flight iu tha NASA EC-135, snd the Brief Visusl/Vestibulsr
Iuterection Test (Raf.13), To provide expsrience with some of the ssnsory aspecte of orthostatic fluid ahift
which cannot be achisved in parabolic flight, subjects were exposed to 30 miuutes of 10 degree head down
bedrest. Photographs of theit faces ware taken at the end of the test.

4. & practicsl session in pazabolic £light, during whick some of the kuown effects of visusl, vestibulsr, and
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tactile cues on spatial oriemtation, disorientation and zero-g locomotion were demonstrated.

5, Practical training in the use of the accelerometer headband end belt mounted recorder/battery pack worm to
document crevw head wovewent,

The crew gained additional relevant experieuce as & result of lectures snd tasts reluted to the vestibular
and cardiovascular experiments of the other investigators in the US and Eurvope. The Operational Medicine
branch at the Johnson Space Center conducted modified CS81 tests (Ref. 14) on the crew in order to facilitate
individusl selection of ap suti~motion sickness drug for use in flight,

MASA policy required two of our subjects to take anti-motion sickuess drugs prophylactically as acor as they
resched orbit. At the raquest of the life sciences investigators working on the mission, tha other two
sttempted to remain unmadicated. Partly as & result of their training, MASA mission msunagers wera contemt to
luave the decision whether and how to treat space motion siuknass up to the iudividual crewmsmbers, with the
Flight Surgeon availsble for consultation if requasted. Drugs chosen for use wers 0.4 mg scopolsuine/2.5 mg
dexedrine in capsules for subjects A,3, aud D, and 25 mg promethaxine/ 25 mg sphedrine for subject C. BNote
that dexedrine was here used in half the 5.0 mg conventional dose so &8s to reduce possible side effects (u.g.
insomnia) when multiple doses are taken. In addition, as indicated balow, 2 subjects chose to evsluate the
effects of a 10 mg. dose of metoclopramide (Reglan) om orbit.

AKBULTE ANP RISCUSHION
A, PREFLIGHT TRAINING AND TESTING .

Tabla 1 shows the distribution of symptoma and ocigns obssrved in the four subjects during 6~9 preflight
training/testing sessions. (Sessions in which subjects used anti-motion sickness drugs vere nscludnd’. By
comparing columns, one can infer the apparent susceptibility of tha individual subjects to this particulaz
group of stimuli, and by comparing rows for s given subject, one can determine s subject's most frequently
observed preflight symptoms and signs. It is significant that in conducting our trainiung, we decidad that we
would never delibarately tske s subject to vomiting, Wo felt this policy was appropriate in order to insure
the continued cooparation of our subjects. In horisoutal axis rutation and parabolic flight testing, we used
the first appsarsnce of unequivocal nsusea u«s the test endpoint, und Malaise III (Ref. llg was used io the
CBS1 testa conductud by NASBA-J8C. When wesring the prism goggles, subjects only rarely weut much beyomd 10-
12 on the “discomfort scsle" dascribed surlier. Had we chosen wmors provocative stimuli, or pushed oux
subjects harder, the results undoubtedly would have changed somawhst, snd perhaps influenced our subjects'
impression of what their "usual" wotion sickness symptoms aud signs were to some degres, In the context of
the f£light experiment results, it is significant that SBubjact B reported “sweaty palms", and was among those
subjects reporting “substernal pressure", ‘“constricted feeling im the chest", and/or a “tight throat" in
some of these preflight tasts.

TABLE 1

¥REQUENCY OF SYMPTOMS AND SIGNS DURING PREFLIGHT TRAINING/TESTING

(sessions: 2-4 parabolic flights, 1-2 priem goggles, 2 horiz.axis rut,, 1 0881)
Bubject Code A 3 (4 D

Totsl 4 sessions 8
Modality:
Epigastric discomfort
Nausea
Vomiting
Cold sweating
Subjective warmth
Salivation (increasve)
Dry lips
Respiratiou (change) 1
YHesdache
Drowsiness
Yawning
Belching
Flatulence
Pallor

9
4 3
2
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Bubjects A and B experisuced siynificact sysptoms while wearing prism goggles during the 1-3 hour test
sessions, such that they were forced to atop their sctive hesd wovements sud closs their eyes. In these
individunls, we usually saw & pattern of response gensrally eimilar to that of 8 other subjects described ia
Ref. 10: Oversll discomfort increasad during each controlled head movement sequence, and decayed between
sequences to & level which itself graduslly increassd with tiwe, as if reflecting the cumulative effect of
all pravious head movement sequences, As time went on, the number.of heud wovements which could be tolerated
without stoppiug ususlly decressed.

After expsvience in training with the "overall discomfort” magnitude estimation tachuique, subjects A,B, and
D felt that although the exact quality of the discomfort sensstions each experienced ves probubly different
betvesn thew, the scale had st least face validity, sud iu terws of functional capacity at auy level on the
numerical scale, they s1l had quits similer inclinstions: At a relative discomfort intensity of 5, they would
start limiting provocative hesd movements, but try to press on with sssigued taske. When the intemsity rose
to the 8-12 rauge, it was judged “defiuitely time to stop". Above this lovel, eubjects fuared symptoxs would
svalasche quickly, and it wouid be hard to avoid vomiting.
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B, FLIGHT EXPERIMENT RESULTS

Science operations wera conducted 24 hours a day on two altermating 12 hour ehifte. Our subjects worked in
pairs in the Spacelab module, a cylindrical pressuriced workshop installed in the payload bey, and connected
to the orbiler crew compsrtment by san open tunnel. One of the two orbiter pilots continuously wmonitored the
mission status from the orbituvr £light deck, while ofZ duty crewmen slept and ate in the shuttle orbiterx
"mid-deck", located bereath the flight duck.

The investigators snd the flight surgeons on the ground maintained a 24 hour listening watch on the voice
comnunication channel, and wonitored all available video transmissions. Fluid shift facies were evident in
all crewmen when first seen on the television wonitor am hour imto the f£light. Mot surprisingly, theix
sppesrance compared well with with photographs taken previously on the ground during 10 deg. head down tilt.
During the first two days, it was obvious that all subjects ususlly preferred to move relativaly elowly, and
generally maintsined an upright posture with respact to the floor of Spacalab. BSubject B was occasionally
seen severely restrictiug his head movements.

It was not uatil after the landing that the invaestigators learned that during the early deys of the misslon,
Subjacts A,B, and C all experienced space sickness and all vomited repeatedly. Only Subject D was free of
significant symptoms.

Halieving that the principal objective of the experiment was to provide anouymous but well Jocumented,
firsthand case histories of apace motiom sickness, we have chosan to pressnt the flight experiment results
using transcripts from the pocket voice recorder tapes, the air to ground voice communication channsl, and
postflight debriefings, The latter were conducted at intervals duriung 5 days immediately after landing at
NASBA's Dryden Flight Research Center whersy tha subjects remained to undergo life sclence postflight testing.
As the vn~orbit and postflight transcripts together totalled several hundred pagss, ve here pressnt what we
believe are the most significant excerpts, In some cases, we have paraphrased comments, as ludicated
[within brackets] either to improve clarity, reduce jargon and idiom, or to provide context or snomymity.
Occasional referance is wade to othar axperiments; details on these experizents sre uvailable in Ref. 15,

The time sand date of comments recorded during the mission are indicated using s standard RASA convention for
danoting Mission Elapsed Tima (“MET"), This best illustrated by example: An avent occuring on the very first
flight day, i.e. within the £irst 24 houxs of MET ia ssid to occur on Nission Day sero ("MD 0")., The time of
an event ocouring 14 hours, 7 minwutes lnto the miseion is danoted as 0/14:07. An event occurring exactly 24
hours later (on MD 1) would be shown as 1/14:07. Three orthogonal axes of head wotion are referred to in
“garonautical'” notation: with the origin a% the center of the head, the X axis points through the nose, the Y
axis through the right eav, aud the Z axis towards the feet,

Qvervimy: Subisct B

Bubject B was able to frequently log symptoms and signs as they vccurred, ‘The time course of his magnitude
estisates of overall dimscomfort are shown in Figuras 2 and 3 for the first two days of the flight, when space
sicknass was most inteuss. 4 score of 20 indicates a vomiting episode. The curves between the individual '
data points were interpolated based ou sdditiousl notes made at tha time, and by Subject B himsalf
postflight, BScop/dex was taken at the times indicated by dimmonds, and the period of presunsd maximal
effactiveness of the dose taken is indicated by 'horizontal bars, Metoclopramide was taken st the times
indicated by trisngles. An appreciation of the relationship between Bubject B's activities, medications,
and the xise and full of overall discomfort can ba gained by axemining these figures together with reference
to portions of Bubject B's recorded commentary. JFor purposss of brevity, we have here omitted many of
Subject B's reports on status of the individual symptoms and aigns. A detuiled dimcussion of symptoms and
signs axperienced by this crewan is presanted laterx.
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FIGUAR 2 MNaguituda Estimate of Gubjective Discomfort vs. Time for Subject B
Fixet Day on orbit. A score of 20 indicetes vemiting. Additional details in text above.

Subject 3 noticed the inverted sttitude of the orbiter cabis during the launch and ascent to oxbit, despite
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the thrust of the engines. After entering weightlessness when the main engines cut off, he was surprised to
find that he continued to feel inverted, This sense of inversion persisted, despite his delibarate cognitive
and physical efforts to reverse it, for roughly the next hour, and disappearad only sfter he unstrapped from
his seat and moved about the wid deck sres, (Bomewhat similar illusious, typically lasting several hours,
have been reported by Soviet coswonauts; Ref, 16) Bubject B and the rest of the crev then changed clothes,
reconfigured the mid-deck, and prepared to enter and activate the Bpacelab:

Subject B, 0/1:51 "..no restrictions of hesd motion, just normally taking it easy."

0/2:25 ",. voticing a little bit of stomsch awsreness occasionally, head movements havo been restricted
somevhat "

0/2:55 "Noticing s little bit of stomach awareness occasionally. Head movements have baen restricted..,
and a little bit of fletulencs.."

0/3:55 "Just after Spacelab ingress. Did & couple of large maneuvers and immediately went to feeling
just & little bit of stomsch discomfort to nsuses and several minutes later I vomited ic a bag.."

0/4:45 "“Again, virtually without warning ~ it's just a couple of seconds, raeally, no stimulus other
than just active motion in the Spaucelsb, Vomited a second time...but felt immediate relief.. there was
10 vea) cold sweat or sny [severe] stomach avareness shead of time."

0/5:23 “..fullness of the head, and a little bit of stomach awarsness occasionally on rapid head
wovement..trying to keep the head movements down to & minimum."

0/6:09 "again an incident of vowiting. There is virtually little warning befora hand. Immedistely
sfter, I falt quite a bit bettor, I had possibly a little bit of cold éweating, clammy hands, but no
pallor, and there has just been s conatmnt level of stomsch awarenevs. The vomiting episodes come on
without any warning whetsoever. It's just one minute you're kind of hanging in there hacking it; the
next minute you just really feel lousy, and you can tell that you have to throw up. You become
nuusested; you go frowm about s 10 to an 18 inside of a minute, I'm currently sitting somewhere sround
a 101 guens, I am able to work, but have to slow down, and don't veally feal like making too many head
movements., I've had a contsiner and & half of water. At 0/6:09, I decided to go ahead and take one
scop/dex,.. My only other sensation is a woderate sense of stowsch awareness which is pretty continuous.
A while back I tried to close my eyes, but that didn't seem Lo help at all.,."

0/7:09 %,,1've been zestricting my head movemants. Pitch sxis seems to be by far the most provocative,.
Just occasionally & slight smount of dizziness as I move wy head very rapidly, but it dowsen't persist."

0/7137 *I have an sxperiwent to do; runaing around a ratio acala 7 until 1 sst up the second TV camera,
and after floating down thie wodule, I got up to about a 11, so I'm going to rest s minute without making
head movements.... Olosing my ayes definitely does uot help."

0/9:11 ¥ again virtually without warning - I hud wmsybe two or three minutes warning - I was sitting in
about & ratic scale of 10, Thers hadn't bean any changes in symptoms for am hour and a half, 8o ufter
doing wome work, I realixe that it was going up to about & 12, 80 X tried to get in the cormer with some
tactile cues, but bad sbout s minute's warning., Reslized that I was going to vomit asgain...fesls much
better once it's over with....my clammy hands are going sway, but X oti)l have stomach discomfort, and
again it's localized up near the sternum. I call it woderate all the time, and it gets vucomfortable or
severs just prior to vomiting. Very clesr to tell just axsctly when it happens... Hesd
wovenants,,.again, it wvas fast rotations and pitches. I had just finished moving the foot restraint
from ona of tha vacks on the port side to the starbosrd side...There sas a littls cold sweating, s
little yawning, a 1ittle bit of belching several minutes before.. It's difficult to get everything
squared avay so that you can burp properly".

In postflignt debriefing, Bubject B added "I noticed ssrly on that I was really restricting wy head
wovewants, a§ you eavw on TV during the Hop and Drop lexperiment, 0/10:00~11:00]...Lots of times, L'd just
look over and reach to grab something, or [my shift partner] would hand something to we, snd I wouldn't aven
turn my head st all,

(In the "Hop snd Drop" experiment (Ref.l), calf muscle elactrical activity is monitored during uneipected
"fulls" und rhythmicsl hopplug. In the absence of gravity, s “downvard" acceleration is provided by
adjustable elastic bungee coxds which run from a torso harness to the deck of the Spacelab.)

“[During the bungew cord harness operations, starting at 0/10:20) I wasn't feeliog great at all. One g hops
aud drops bothared we; I was getting quits a bit of oscillopsie [(spparent motion of the "saen® world)) in
the Z axis when I was hopping, and that was kind of disturbing, snd the l-g drops, I didn't like at all. In
fact.. I only did ten of them in [the Hop snd Drop experimant]. The 2/3 g and 1/3 g were alot better, but I
was {working] at about half spesd [s0 L could] keep working end not get really sick again...I did a1l 15 of
sach of those, but it just took a long time., IX'd go through s set, and atop and wait awhile, and let things
csln dovn, and then start up sgain."

Duting the Hup & Drop operstions at 0/10:47, Subject B noted that when he stoppad moving, his symptoms
woderated back to the preexisting baseline typically over 2-) minute time course.

At 0/13:20, becausa he vas suffering significant symptoms, Subject B ruported "Skipping the [scheduled
ptovocative) wotion sickueas tast, B1ill fesling between s 7 and a 10. Unable to make any pitch head
wovements whatsoevar.”
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FIGURE 3 Subjective Discomfort vs. Time for Subject B, Second Duy om orbit

Subject B obtained 7 hours of intexrupted slesp. The following morming, he reported:

1/00:29 "Duriug the night it sesmed to really help to have my head velcroed down to the pilliw..An hour
atd a half sgo, just prior to the blood draws, I vomited again after taking ..scop/dex, I'm about to
take a Reglan here in a couple of minutes,."

1/01:28 "Doing the blood work, trying to hold my head pretty well still and staady. Bymptoms have baan
reuscnably constant...lately X've noticed a wort of tightening up in my=lower sbdoman after taking the
Reglan,

1/4:32 "(While operating the Drop and Bhock experiwent, I] did alot of pitching hesd movemsnts looking
up st the control panel and down at the [Btimulue Isclatiom Umit]. Going to take & breathsr here: L've
got myself up to about a 12- 14, and got cold, aweaty hands. Took ¢ Beop/dex adout 5 minutes sgo.

' (yawo) snd as you can tell there's some yawning... 1'm just trying to remain quiet here for 5 or 10
winutes befors we try to get on with the last past of [Drop sud Bhock].

Subject B, 1/5:58 "Besu [sitting here quistly as the subjact im Drop and Zhock] doing tha..static
recruitment curve, and have been ia the harness [bungeed to the deck] for about the last hour or so.
Having some tactile load, I have been able to keep still, aud kesp my eyes ciosed. Nas belped
ismgasurably."

1/6:36 (after psrfotming the Hop sand Drop Kxperimsnt sgasin) "Ratio scale of 4 sud I've got slight
stomach awaranass occasionally on rapid head wmovamants, Negative nausea, IKxcept for the hopping and
drapping, head movements have bean reslly nil for the last hour and a half. It's been vary comferting
to stand in the harness, ..strapped down, and baing able to close my syes and not move. In fact, I
alwost £sll avleep.”
Mote that, in contraat to his earlier reports, closing the eyes now seemed pallistive, However, here full
body restraint was provided by the experiment harmess - with ewyes closed, the subject could be sure hae wvas
not moving.

1/8:%3 “the last couple of hours have boen pretty steady; I've buen floatiug axound & 3 or eo on tha
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Subject B recalled that at 1/9:32~:47, while performing s Mass Discrimination experiment, he found the
relstively small yawing head movements required to look slternstely at his left hand holding a test wase and
then to his right while logging the experiment results wers wmildly provocative.

1/10:30 "I was working getting set up for the Awareness of Position Experiment, aud I was up to about an
8~10. Alwmost without warning, within one or two minutes to the endpoint, I got another vomiting
spisode...Immedistaly after the vomiting, wost of the symptoms subside, and I feel quite & bit better

1/10:37 1 went down to the mid-deck and took s scop/dex...Right novw I'm sitting st about an 8, and am
about to do the Awaruness of Poaition Expeximent, )
| (In the Awareness of Position Experiment, the subject is strapped blindfolded to s flat surface st ths aft
) end of Bpaceladb, and sftar several minutes rest, is asked to poiut to various preestablished targets and to
R judge his limb position.)

1/31155 Awsrenass of position experiment [floating syes closed with] loose straps increase symptoms from
an 8 to a 10,

Bubject B elaboruted in the debriefiugs "I was not [faseling too) keen during [ the Bpatisl Awareness
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experiment]., I was feeling kind of grim at the end of that, sud I hada't [actively] been moving for 20-30
minutes. But [loosely tethered], just the sensation that you could be wmoving sud not detecting it was kind
of grim, which is why I didn't like the eyes closed that wmuch either.

On the third day, Subject B took a Reglan and a scop/dex on arisiug, and lster noted that his abdomen was
slightly sore when palpated. He repeated the scop/dex at 5-6 hour intervals that day. Discomfort magnitude
estimates ran ic the range of 1-3, with occasional slight incresses due to twinges of stomach awareness on
rapid head movements,

2/5:55 "..head movewsnts don't seem to be much restricted. I've been able to come imto the wodule upside
down and float aevery which way today."

2/12:55 "Yaw is no problem, roll and pitch there is & little funny sensstion ic the head",

2/13:20 (his final report for the day) "No new symptoms, no problems. Have been trauslating between
the flight deck and the Spacelab module at rapid rates, No real ueed to keep hesd movements to &
minimum, Although I do motice that still pitch and roll head movements are more distressful than yaw."

By the fourth day, Bubject 3 was "gensrally fesling quite good" until near the end of tbe day, when
discomfort was agsin running in the 2-3 range. He was able to deliberately provoke further symptoms with
hesd movements at the end of the fourth working day when he completed the "symptom comparison" test protocol:

3/2:48 “Fealing pretty good, just an occasional burp. No problems with head movemants or motiom
whatsoever."

3/10:%4 (while sbout to do & Symptom Comparison test) “Overall discomfort is about 2-3, stomach
awireness, and it's high up, just under the sternum. No nsussa, Head movemsrts have not buen raslly
bothersoms today except for several times when I made short raports. I have pretty much good
wmobilityssed little bit of dizziness if I roll my head.,.ooh, that's not very good, I still don't like
to roll my head very much. Pitch motions give me a little bit of disorientation. But the roll
definitely is disorienting."

3/11:00 BSymptom Compsrison tost results: Forehead to knse movements slightly more provocative when made
eyes open. Bubjective axis ranking: roll woxst, pitch, forehaad to knse, yaw luast.

On the fifth day, symptoms vemained at a very low level until the end of the day, when aymptoms brisfly rose
slightly.

4/3:31 "1've been balching, and even though I fwel comfortable moving sbout, after a rapid series of
motions or head movements or something, I still got a fev twinges of stomach awareness,.,.In general it's
slight, it doesen't persist very long, and I generally feel rcasonably good.

4/5:17 "8till a 1little bit of fullness in the stomach and a feeling af pressing up iu the sternum, HNo
nuusesa. Head movemants huven't been very much restricted, although sgain, I can tell that if I move
alot, I don't rveally like it, snd I want to keep my head from moving too rapidly.”

4/8:37 (after & Rotating Doms experiment) " I was looking in the mirror doing some hesd xolls, looking
st my oculdr counterrolling..snd after I finished that, I had & twinge of slight stomach awarsness..l
think I'l1l just keep wy head quiet for a minute or so."

Aftar the 5th day, Subject B experienced no further activity related symptoms, However, his sense of
"fullness" benesth the sternum, headache, haad fulluess and congestion persisted. Om the 9th day (8/23:30),
he again performed the "Provocative Tost" protocols, aud was sble to perform all the raquired huad movemants
without any significant symptoms. However, slight oscillopsia was reported during rolling head movemsuts.

Ovexvisy: Bubjects ALC.H D

Turning now to the other subjects, Subject A summarized his experience at debriefing this way: " On day 1 [WD
0], X was not feeliug too bad: I wus under 0-C, and I knew I had to be just a little bit careful what I was
trying to do.. then it hegan to get just & little bit worse. Day 2 was no better, if snything u little bit
vorse, and on the afterncon of day 2, I was really sick...X'd taken 2 scop/dex on the £irat day, and 2 on the
second day, and [on the afteraoon of the second day] I took s Reglau,.and very shortly therssfter threw up,

1 voniand 4 times that afternoon...And although I pever threw up on days 3 and 4, I was really feeling

sotry.

Bubject C: "When we did the sctivation of Spacelab,.. I [stayed] up a little longur than originally scheduled
because it was reslly interesting tc ses, and also quite an emotional smoment when the hatch [to the Bpacelub
wodule vent] upen and you go down the tuninel, When I went to bed, I felt a little quasay, but the real
problem, .was [our} hectic [next shift], when we had to run [the Rotating) Dowa [visual/vestibular imteraction
experimant] and the whole [Euxopsan Vestibular Esperiment], with the many [technical] problems we had. I
simply threw up twice,,. I remewber I really dida't like ,.,to [float] through the tunnel.. Very
automatically, you ars trying to raduce the swount of head movementa to & minimum...I agree with [Bubject A)
that you can still work quite effectivaly even if you sre very sick, as I was, At the end of [my first full
shift) 1 took one [promsthamine/ephedrine], the only one I tovk during the entire Flight,.. just before I
went to bed, I thought that {would bs] the best time to take it, bacause all the b{olo;inal massuxemants
wers complete for that day...l felt much better the next day, and I was in absolutely good shape by the third
day.s., [On our first full shift] 1 think I did pretty much what I was supposed to do. 1In terms of spued, I
think I could do it., I am [happy] to kuow that even if you subjectively don't feel too well, you can do [the
work]. It wesn't zeally so bad. I probably should tell you that wost of the time, the proklums were really
bearable,..When L tbrew up, it was just & mstter of s few seconds, You looss a minute or two.. sfter that,
you feel much better. 8o iu operational texas, I thiok I would probably do it exactly the same way [again].

T e aa R .
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0/5:45 "..A few minutes a go, I had to vomit. It came a1l of a sudden, without any warning, when I
tried to eat an apple™. Subject B's description: "We were sitting in the mid-deck, 1I1'd just come back
and we were t: lking. He wes eating an apple. And right in the wmiddle of eating the apple, he said *
aw, gee !', threw the apple in the air, aud vomited just like that | It was alwost without warming."

0/14:39 * About 25 minutes ago, I cawe back from the middeck after returning the Plant Carry On )
Container, and as I came back into the Spacelab, all of a sudden I had to vomit & second time.., Right
now, I am feeling pretty good...sbout 4-5".

3/10:50 ¥I'm fully adapted now, and don't have any problems anywore. It's grest to be here; I feel
resal fine."

3/16:24 “We stopped the [Rotating Chaii veatibular experiment] effort when we started the
ninuloidﬁ..bac-use I think it is very [provocative] for the time being, and I don't wamt to rum into
trouble.' '

3/21:40 "Okay, I'm doing [the Provocotive susceptibility test], and I'm doing the first couple of head
movements, and 1 know already now that I won't do much more, because that is really a killer. I'm
basically over the problem, but I don't want to get it back...Oh, it's bad, Okay rhis is a symptom
report ¢f the eyes closed [comparison test], and I think it feels s little sasier, ‘mt it is definitely
not pleasant to do, and I think I'll stop here."”

4/10:27 "I have no motion sickness problems, I'm fully adapted, but I atill don't want to make rapid
head movements. That is still no go."

In debriefing, Subject C added: “I'd ssy it was about halfway through my fourth flight day that I rcally felt
comfortabla, didan't restrict my head motionsanymors., I waw able to tumble in[to the Spacelabl, do flips and
summersaults, From then on it was really alot of fun, The third day was ok. I had no problem working. I
vad starting to snjoy it. But it wasn't ths ball of fun that it was the last 5 or 6 days."

Subject D, who axperienced no significant symptoms, said: "In my case, I took scop/dex prophylactically, as
plenned, I took ome shortly after [orbitsl imsertion], aod one at 5 hours, MET, just before I went to bed.
Took ona on arising, which would have been about 0/11:00, and I took ons an hour before supper at the eud of
that day, sbout 24 hours into the missiom. I then took une upon arising at 1/8:00, and [I may have taken]
one on arising 24 hours later. I bad no symptoms.."

Exdclogic Factorsi
1. Head Movewents:

Io debriefing, we asked our subjects whether there was sny spacific activity which sesmed to trigger vomiting
or and incresse in sywptoms, and why thelr incidence of vomiting so high, as compsrad to previous wissions ?
Yor those subjectw who experisnced sywptoms, they had uo doubt that symptoms were modulated by the head
wovements sssocisted with physical sctivity.

Subject A responded “[the stiwulus for vomiting] is just noutinued activity. If I had stopped sarly saoough -
uaybe 30 or 45 winutes be'lore - snd gone to my bunk, closed the door, and buen quist I think the symptoms
might well have besn suppressed... [On @ 0-20 scale] ths point of no return is maybe 15-17. 1'm guessing a
1ittle bit, becauss I nover reslly had much opportunity to explore just how far I could go and still
retumm....I can't pick oit anything that was iudividually provocative more than another.." “All kinds [of
motion were provocative], not just piteh, roll, and yow, Pure translation, maybe a little less, but you've
got the visual effect... When a person gats over the threshold, it is hard to get back. When you get over
the threshold, you petter stop and do sowsthing promptly, like taking & scop/dex, getting quiet, aund gettluvg
dark., To we it is slwiys a halp to get im darkuess,..What I would have liked to do is to get in my buuk,
strap down - if T had 1 goud way to do it = and rest quietly for & half an hour or more., 'Then I think the
symptoms would have never developed seriously."

Subject B added "I [ajres] that if the timeline had allowsd it, and I'd had time to sit there and tuke it
essy and rest for 20 or 30 miuutes, then I wouldn't have thrown up so much, and I would have been able to
keaep [my oversll disiomfort scorss] lowsr on the wcsles.s.”

"It was & genotal pittern of activity, (which led to vomitingle«s, sud you kind of falt bad at that activity
level, but you said. 'wall, I don't seem to be gatting sny worse, so I'1ll keep nn goiug', and then all of a
suddsn you said “obh, no, I'w feeling bad". A couple of desp breaths and it's in tha bag., What I was
sttiolpsting wan ttat X would graduslly feal vorse, snd gat to a stage where I could stop and wot vomit
sgain, which happened leventuallyl: Dey 2, I pickad up the time course of what was going on, and reslised
that if I went to & 12, I'd better stop right thers. T could go batwaen an 8 and & 12, If I kit 12, it vas
just: absolute etcp and sit there for awhila. It was the only thing I could do....Dsy 2, I realized the time
courss of this.. ou make & bunch 0f head movenents or something, and you don't motice much change in tha
symptows until boom, you're gone, Bo I guess I bacame more sensitive to the change. You allow for the time
lag, [I began to use more] anticipation...[and I took drugal™,

Subject A sgaio: "fou wake up sud you go all day, and then you quit with very emall breske. Occesicuslly you
atop to fix & lumch, sud sit down and eat it. The only stacionary sctivity that I cen vemsmbar wes vhen I
vas taking pictures durimg a nighttise through the back window, aud I had my hesd in this big [oloth skirt],
and T surprised mysalf, I reslly found that somavhat quieting, and felt good after that,.. Fifteen minutes

iva kon. enouph peried to bagin to have some response to [counter] the provocative mature of your preceeding
work.

“As scon as you'd throy up, you'd fael s lictle bit better, and the fixst thing you'd do would ba to get it
clsaned yp and disposed of . MNobody elws is golng to do that work for you ~ you sure don't want anybody to.
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And that's sdditional activity right then, You flounder saround and get all that taken care of, and get right
back to it."

"It is an extremely important question,.how much disturbance the protocol or the experiment operation itself
csused in terms of making cx berc feal fortable either all the way to complete sicknuss, and to what
degree you think that effected conduct of the ,.experiments., ..After thinking sbout it, I am convinced
that..the experiment individual protocol.. ~ the sctusl 'Rotating Doma', or the 'Hop and Drop', or the 'Drop
sud Shock' [experiment protocols] - were not particularly provocative ip terms of & five minute opwrationm.
But it is substantislly wmore provocative to actually set up all the hardware., We started right from the
«oingress into Spacelab going st mnearly full speed,,.. I started off feeling pretty good on [the fixst day],
and it was sort of steady dovmhill from that point om, right through day two. 4nd sc it is wy opinion that
811 the set up, all the asction, all the hend movemonts that are required that is the most provccative of all
the activitios, ¥or the normal crewmember, you are viry apt to make him siek if you continue the sctivity in
& volume the size of Spacelab. If your objsctive is to get the work done, you can work through it. In our
case, we cssentially accomplished everything that was listed ou our flight plan, But it was certainly an
unplessant experience - you had to force yourself to work through it. It was not easy to do, but you can get
it accomplished. Do you accomplish it in the 'optimum' manner ? I don't think so. You are doing things wore
wmechanicslly. You say: 'now I've got to go gat this piece of hardware, and I've got to plug it in there, and
I've got to put tha [Hop snd Drop handle] up thers, end wait till it drops', and you do it. But you're not
thinking about any of the other facturs that have to do with, say, any of the mmall effects that you might
aught to be looking for: perturbations in the experiment, or have I forgotten maything, or do the alectrodes
reslly look good 7 Have I checked the impedsnces ? Are the amplitudes correct om the cscilloscops 7 EBecause
you are not fully up to speed, you're ..at a point whera you sre feeling lethargy, and you don't feel liks
you're ready to charge [ahead] at a normal rate. It does effect how well you interpret all the rest that's
going on around you.., aud it will effect how well you do it, The wechanical part, you can plow ahead and
get it dene..,I thiuk it dous effect the quality of.. the datsa. Oun a multidisciplinary [mission), somebody
is going to have to decide whether you want to push crewmembers that hard, knowing that the normal crewmembar
is vexy likely to be sick, Or do you want to slack off, snd let them go at s [natural] speed, In my own
case, I think the sppropriste kind of timeline, which I would have preferred to have, would have bean.., lax
anough to say 'if I don't feel real prime, we've got time for me yo lay down in the bunk for 15-30
winutes....It's & trade off between disciplines.

Subject D added: "You know, we ran on a timeline [which had built in an extrs 25% time factor to allow for
our unfamilisxity with weightlessness during] the first day or two, and,.that was about right. [But] there
was no vay we could have gone through theve at full speed,

Subject B: "There are things you've got to go do. You make reslly slow movements. I was keeping my head
really lined up with my body. I didn't need u {neck] collar or amything to tell me that I wasn't about to
wmake rspid head movements., Ws vere forced [by the timeline] to keep making hesd movements. Evan when I wai
waking head wotions, I felt I was sittiug around a 10 or 80, and it would be slmost witlout warning tlat it
would soom up; it wasn't any one set of head motions.”

As noted in the Overviaw, Bubject B axperimented on occasion with specific head wovements, snd noticed that
movements in pitch seemed particularly provocstiva on MD 0, This observation is ganarally comsistent with
Soviet reports (Raf. 17), On MD 3, bowever, he found that rolling movements ware the must disturbing., On MD
8, syoptoms of space sickness could not ba provoked by hesd movements, but oscillopsia was particulsrly
prominent in roll. Our subjective impression, which must be confirmad by the hesd mounted acceleromuter
data, is that when working, ¢rewmen make yswing head movemsnts vary frequently, and certsinly wmske many mors
head movemunts in pitch than in roll. As the crewman's exparisnce in zero g develops, sdaptation to space
sickness might be expected to occcur firet to those head movemants which sre wost frequently made.

2, Visual Orientation Cues

In the brief weightlessness of parabolic flight, visusl cues are known (Refs. 18, 19) to play an important
role in spatisl orientation: there is s general tendency to fael that one's own feet define the direction of
"dJown", psrticularly when they arxe in view, and there are no familisr visual cues preaent defining a
“vertical”,

As voted earlier in the Overview, Subject A found closing the eyes made bim fael better, as did 8ubject B,
provided that he had tactile cues which indicated bis body was wot wmoving. Subject B noticed occasional.
oscillopsia vn hopping and head turning. Oscillopsia graduslly faded during the wission, but Bubject 8
noticed it vas atill present in roll on MD 8. All of our subjects agreed vision played « major role in
spatial orientstion on orbit, and the rymptomatic subjects falt that unfamilisr visusl cues ware disorienting
aud potentially provocativae.

Subject B recalled that seeing a familiar visual scene iuverted was bothursomet "Ny bunk was the bottow tue,
and [the two of us vho used it] were hanging upside down like s bat hanging from the ceiling., I found that
distressing for the first couple of days..I'd look out there in the morning and I'd ses ths orbiter (mid deck
srea] all upside down, That was very disconcerting." Subject C agreed with this sssessment.

Subject B felt that "(Early in the mission] T really needad u good vartical feeling, & good optical “down".
1t was really distressing when [Subject D] cams flosting into the [Spacelab] wodule upside down aud tumbling
and things - that reslly didn't #it too wuil with my own percaption of Bpacelab and the way things ought to
bees " Y I ,.felt like I needed a real visual 'down’', and it was the floor,..sand I didn't reslly have one of

uy own."
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Asyuptomatic Subject D obsarved that "Spscelab is very familiar. It's got stromg vertical ovientation, so
seeing snother cxewman [in an unusual orientation], if I was in the normal orientatiom to my wind had no
effect whatsoever on me &t all, [But] vhen I had rotated [in] the Spacelab or [in] the orbiter into come
other attitude,..and had decided to wmake the ceiling the floor,.. seeing another crewman ino the other
orientatior, the 'proper' orientation.. tended to bresk the illusion..., The architectural 'imprint' of
Bpacelab [iu your mind] is very stroug, because you have worked in it for five years...".

In s lifetime of exparience on earth, one becomes quite used to seeing other peopla in the familiar, erect
orientation with respect to gravity. We have frequantly observed in parsbolic flight, where thers is no
gravitoinertisl "down", that if one uees another pervon in an "unusual" orientation with respect to oue's own
body, unless other strongly oriented visusl cues are presemt, it is not unusual to experience a sudden
“reorientation" illusion, such that the seen person's fest suddenly defioe the perceived directinn of "down",
and the obsarver suddenly feels in ar unususl orientsiion with respect to him., Subject B appsrently
experiwnced a similar visuslly triggered reorientation illusion, and that it was somswhat provocative is
hardly surprising in the context of conflict theories for wotiom aickness., In other forms of motion
sickness, the motion cue stimulus/ symptom response ralationship is ususlly only apparent when the subject is
already experiencing sysptoms., Subject D obviously experiencad the illusion, but only when he was invarted
with respect to the Spacelab floor. He was asymptomstic, and therefore presumsbly should not find the
illusion provocstive. The implication of reports such as these is obvious: ZRarly in the £flight when
cxewmen are at risk of space sickness, gll crewmembars, symptomatic or mot, shonld try to remain im
Yfamiliar" one g orientations when practicable so as to reduce the frequency of reorientation illusions in
all crewman. Travel through areas with ambiguous visusl hoxizontals and verticals, such as the Bpacelab
tunnel (or analagous tuonels in & space station) should be avoided in the early days on orbit,

Note that later im the mission (3/11:07) when Subject B had becoms largely asymptomatic, he reported "oday
for the first time I was really able to change my feeling of orientation st will, For the first saveral
days, it was very important to maintain myself upright with respact to the Spacelab. Today...even without
drugs I was able tc obtain any orientation I felt like,"

Subject C noted that "lworking upside down wss] slot of fun at the end of the mission, but for tha firet two
days, it is probably a smart ides to create an 'optical' dovn, because all the labels sre orientad the sama
way, the displays are made to ba read that way..."

Moving about freely and efficiently in weightlessness apparently can trigger visual reorientation sensstions
with some frequency. Bubjett D comsanted that for him, "One of the delightful illusjons is to turm the xrooms
ou their eides or upside down - to reoriemt ‘down'... The tuunel is s big help for that, because it gives
you a good place to change orientation without being awsre of it. Eveun sccidentally, you were frequently
caught working on & task or somsthing, and sppurently reorienting your 'dowm’ witbout thiunking about it, and
then turaing away, and fiuding yhnt the whole room was completely cattywampus to what you thought it was..."

1f & view of the esrth is avuilable, it way also play a rola in visual reorientation episodes. At 8/14:43,
Subject B commented [My shift partner] and 1 felt it was very difficult... to wake the ceiling be "down"
unless you really chest by looking [up] out the window and see the sarth down bmlow and then you say ' yes,
{the ceiling] is down'.

On earlier Bhuttle missions, there were occasionsl reports that if the earth was seen in an unfamiliar or
unexpected orientation, it could produce and increase in symptoms, and in one case may have provoked
vomiting., Bimilar sensations have been noted after a period of window viewing when shifting the gase back
iuside the vehicle. On Spscelsab 1, our subjects occasionslly experisnced 1eorientstion illusions when they
lookad at the esrth, but did mot find them particularly provocative, Howsver, the science crew had littls
time to look at the sarth uutil the second half of the £1light, Bubject B: “when I was looking at the
earth... T vantad to orient myself so that I was looking st [it] from above somsbow. 80 I would twist
myself axound so that the esrth was along wy [+] 2 axis. 8o I'd first orient myself at s window and get set
there..[so] that whatever I was looking at wap vartical, and the earth was down below.." " [Wiem I looked
back iusida the Spacelab] I never got & twinge., ...I didn't look out the first couple of days..[Harly in the
mission,] 1'd catch & glimpse of the earth, and I knew L just didn't went to know or care what the spacecraft
attitude was., I wanted to reslly concentrsts on the iuside surrounds.

3, Tactile/Proprioceptive Oues and Passive Body Restraint:

In parabolic f£light, touch and preasure cues, also turmed “ugravic contact cues” (Ref, 18), are known to have
a prefound effect on spatisl ovientation. As noted in the Overview, our three subjects who expsrienced
syuptoms falt thet forces passivaely applied to the body providing touch snd pressure cues indicating that the
body was not woving wers very helpful iu alleviatiug symptoms.

Subject B noted at 0/10:20 (during Hop and Drop, after stoppiog 1 g hopping due to increasing sywuptoms) “it
appesrs that putting tactile cues on did tend to help to some extent, 80 I'll just stand herw s little bit
with the bunge«s on and see if that helps,...it appears that free flosting with a little bit of tactile
fealing on the fest is probably about the most beneficlal; if I get (the Lungeas) up too tight, it dossen't
feel right, and if you'rae just floating, it doesan't feel right either, but a little bit of tension on tha
feat ssems to help me feel better",

Howaver, after further experience, he reported that “"wedging in is better. The feeling of tactile cuus
around your body, that you are mot floatiug off into space..You dou't need to go to the [trouble] of putting
on the harnass and attachiug the bungess..." " What I really felt was best was getting back in the (aft}
andcone of the [Bpacelab] module [and wedga myself in betwean the andoone wall snd the last Spacelad rack.)

1 bad good pressure on both eides of ma to give me good stability, aud it wasn't just against my bsck, 4nd I
vas out of the volume, Oue of the most distressing things seemad to be that big volume."

Bubject B tried an experiment to see if the same effect could be aschieved if he sctively applied thae tactile
forces himsalf: At 3/11:03 (after completion of the provocative tasting, while fueling “sbout a 5") ha noted:
“It's usually more provocstive trying to hold yourself down sgainst something flst rsther tham it is just to
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vedge yourself into the corner or get a bunch of tactile cues around your bedy. I try to press myself down
into the |§tting positioun, and it feels very awkward and uncomfortable and provokes slight stomach
avareness,

None of our subjects tried strapping into a spacecraft seat. However, Subject C recalled that when he
strapped into the Body Restraint Syatem seat used in the European Vestibular Experiments, he “immediately
felt better."

Subjects A and B sought relief by wedging themselves into their bunks. Bubject B: "I would get in the bunk,
and bring my knees up to my chast, and push them agsinmt the door, and push my back up against the wall, and
get myself really set in there. (Subject A “8o did I") " That felt alot better - X liked that. You knawv you
weren't woving end rotating around. Closing my uyes and floating was reslly bad." " I slept like that for
two nights, Goud parts of the might, I'd wake up from a fitful sleep, and you'd say: 'something doesen't
feel right', and kiud of scrunch sround and get [relvedged in." "During the night, it seemed to reslly help
to have my head velcroed down to the pillow ~ that made me sleep alot bettex", "Fixst couple of nights, 1
didn't [read] or anything [in the bunk.]. Just crawled in there and tried to go to sleap. Kind of
uncomfortable, and it took me avhile to go to uileep, with all the stracage feelings. But by the 3xd day, I'd
get the [crew activity plan book], the stereo, and make soms notes."

At 3/21:55, Subject B observed: "[I] had & good night sleep last night with esr plugs, and for the first time
last night I was sble to sleep free floating without having to be tied down with the head band and body
stxaps - 8o it's much better sleep".

Subject D commwunted "I think the bunke are deficient im their design,. they have six long smooth sides, they
don't provide sny resl means of wadging yourself in,.,.Find & place where you can wedge yourself,. whare the
wuecles in your legs und your back can just relax. Bubject A added: "[the bunks] have two straps, which are
intended to work. But by the time I pulled the strap over to mske it tight, the velcro misses.

1f our subjects' experiencas are representative, then it ssems clear that appropriately desiguad body
rustraints can He of value in ulleviating symptoms of spsce sickness. The design objective nead mot be to
provide an artifical "gravity"” cue so much as to provide comfortably firm immobilization of the trunk, upper
legs and - optionally - the head. As such g restraint is most useful in treatment, it wust require s minimum
of physical activity to deploy aud strap into. The restraint should be locsted away from windows and
oriented so that all objects viewed by the subject are seen in their familisz orientstion., Ideally, it might
be located so that a crewman uming it could sccomplish ussful manual tasks if he felt up to it. ¥light deck
seats are inappropriste unluss the eyes ara kapt closed bacsuss of the large number of windows., MWid-deck
deats, perhaps equipped with thigh, waist, and shouldsr straps could concelvably be usad for bedy restraint.
Unfortunately, these seats impede normal activities, and are normally stoved sfter reaching orbit. The
physical movement required to set one up again is a negative factor. With thoughtful wodifications and
physical reorientation, tha axisting mid=deck bunks could probably made to serve this purpose batter.
Another possibility is the sero-g toilet, which is in an enclowsed arua, and is currently equipped vith straps
and thighi bers to restrain the lower body. An additional torso strap wight be helpful. 1In Spacelab, the
corners between the racks and ths endcones are demonstrably usable, snd sllow & crawean to resain in the
laboratory and in touch with activities there. Using them instuad of the bunks eliminatus two trips through
the tunnel, which can be provocative., In the design of space stations, some forethought should obviously be
given to plscement of such restraint sxeas, On the basis of tha foregoing, one would expsct that the
elastic neck restraint cap (“NPSA") sud the foot insole counterpreesurs device (Ref. 17) and the "Penguin”
elasticized suit (Yegorov) being svaluated by Soviet commonsuts should be less effective than “wedging in",
These davices, which provide tactile cues and/or passive stress on snti-gravity muscles by loading the body
in a head to foot direction do not prevent body movement with respect to the spacecraft.

4, Epigastric Discomfort:

There have been reports in the Soviet literature (e.g. Ref, 16, p.5) that cosmonauts experisnced “an
unpleasant sensation of heaviness in the epigastric region, and a feeling of 'elevation' of the stomach in
the inital stsge [of sickness]", In pravious NABA flights, thers Lave bsen a fow reports of “wet burping".
Interpretation of subjective reports is complicated by the fact that some subjects experisncing wstion
sickness symptoms under conditions which are pot associated vith weightleasness glso frequently report
“substernal pressure"” and "constricted" feelings in the chest (Ref. 4, p. 46). In our study, SBubjeck B was
one of thass,

Subjeat A, in debriefing, commented that "Your stomsch feels like it really has shifted up - your guts move
up into your thoraic cavity... You have the same ssnse in 5 saro~G airplane; exactly the sawe feeling,, It's
not pnrt{culurly uncoufortabls, but it can be a contributing fsctor to the whole 'sickness syndroms'."
"[when I vomited ],I was surprised st the volume of 1iquid that I had available to throv up. I thought that
after throwing up once that I couldu't have anything else in wy stomsch, but 1 did, basicslly liquid.”

", .after you feel better, you cam burp. Thers is mo problem with it."

Subject B logged belching as & symptom during ! first 5 days of tue wiesion, with purticular frequeacy
during the first 2 deys. He als0 noted repestedly, baginuing at 0/07:09, and continuing through his 5/10:50
report that he had stomsch uwareness “very high up im the sternum, It feels like the whols stomach has
shifted up”, Io postflight debriefing, he commentsd that ™I did have 4 fullueso in the upper stomasch, and I
had this for the first 3 or 4 days. It was like everything iu my stowach was up underneath my sterouw; a
very uncomfortable feeling., It felt like lots of times [ wanted to burp, which is one of my syxptoms, but
[frequently] 1 juet couldn't burp because [it felt like] the air bubble was in the middle of wmy stomach and
all the fiuid wa: avound both ends. It wes really uncomfortable, and I couldn't seea to get rid of that
sonsstion at &4l11." SBubject B felt that this discomfort comtributed to the value of bis overall discomfort
scores shown in Figures 2 and 3. Thie discomfort wae sccantusted ot 1/00:30, vhen Subject B took & Reglan
dose, and subsegently noted a feeling of "tightening up® in his sbdomen. On the thizd day, he noted that his
stomsch apnd abdominal muscles felt somewhat seusitive to pslpatation, and this disappoared by the middle of
the 5th day, However, at 8/23:20, when performing the provocstive motion sickness test, ha reported "it is
pretty difficult to touch wy forshead to my knee bacause [my stomach] muscles are tander down there, snd I
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don't want to bend that wmuch."

During the debriefing, Subject D did not recall £eeling that his stomach had lifted up, or that he had any
difficulty burping, or a bubble in the middle of his stemsch or ‘wet' burps. " Two or thres days towards the
begiuning, I may have had s 'sour stomach', At the time, I thiuk I partially attributed that to the
lhydrogcn conteminated) water, but it wasu't like the stomsch awsreness or discomfort [of motion sickness].
[But] it could have been ths one motion sickness symptom that I had, [The hydrogen iu the water] ..didn't
taste bsd,., The hydrogen continued through the mission on en off, but it was worst on days 2 and 3. The
hydrogen coutinusd..but this sour stomach £id not."

It would surprising if there was not some rostral shifting of the abdominal organs on orbit due to the
absence of normal gravitationai loading, given that the stomsch and intestines are normally mechanically
suspendad by the omantum snd mescutery., Shift of interstitial fluid into the thoracic cavity might aiso ba &
contributor to the subjective effact. Hechanical stimulation of abdominal organs can trigger nausea and
vomiting in certain situstions, snd abdominal gas and overeating are familiavw causes of stomsch discomfort
cnd nausea. In the extrems, gross distention of the stomach or ducdenum by very high pressures can lead to
vomiting (Ref. 20)., Also, under normogravic conditiovns, gas introduced into the stumsch by swallowing or
digestion might physically be expected to rise to the fundus and asophagus, and eventually be relieved by
burping. However, in waightlessness, the absence of buoyant forces on ges bubbles could conceivably result
in e tendency for gas bubbles to remain trapped in the stowmach, and for burping to produce gastro-esophageal
reflux, “wet burping”, and wsensations of heartburn and stomach discowmfort in some subjects. The bebavior of
the abdominal organs and of food, fluid and gas within has not yet been systematically studied in

weight lessness, but perhaps should Le. Although the evidence ralating tha etiology of space sickness to
other forms of motion sickuess is now strong, we believe it is important tn determine whether special "gut"
factors exist in space sickness which sare unique to weightlessuess, sud the oxtent to which thesu countribute
to nauses, vomiting, and other symptoms in individual cases, However, it seems to us umlikely that these
factors play a dominsnt xole in space sickness, given the demonstrsted importsnce of hesd movements snd
various orientation sensory cuss in determining the time course of malaise. As Subject C put it “you would
think that the mction sickness problem [then] should have the sama time course as the fluid shift problem,
but it simply does not."

Effactiveneys of Pharmscologicel Couptermeasures:

Drugs which have baen employed in an sttewpt to prevent or control space sickness have generally been those
known to be effactive sgainst motion sickoess on oarth., However, their efficacy has provea very difficult te
evaluate under operational conditions, For exsmple, 3 of 5 S8kylab astronmsuts who took drugs oa MD 0
axperienced increased symptows later that same day (Ref.l). Plecsbo effect is also & potential problem,
bacauss subjects are aware of exactly which drugs are being takem., It may be that the use of drugs simply
raises the sickness threshold, aund under uncontrolled comditions, crawaen simply mske a grester nunber of
provocative head movements bcfore becoming frankly ill,

Table II suwmsrizes the anti-wotion sickness drug doses taken by our subjects on orbit:

TABLE IX
PHARMACOLOGICAL COUNTERMEASURES AGAINST SPACE SICKNESS
SPACELA® 1

Key:

8/D = 0.4 mg scopolanine/2.5 mg dexedrine
P/E = 25 wg promethszine/25 mg Ephedrine
REG = 10 ng metoclopramide (Reglan)

Subject A: 8/D 0/00:25 Bubjmct B: B/D 0/06:09 Subject D §/D 0/00:20

8/D 0/05:30 8/b 0/22130 8/D 0/05:00
8/D 0/21:15 REG 0/00:30 /D 0/10:00
8/D 1/02:20 3/D 1/04:30 8/D 1/00:00
REG 1/06:30 8/D 1/10:36 8/v 1/08:00
REG 1/10:15 8/v 1/21:05 8/p 2/08:007
/b 1/20:20 REG 1/21:05

8/b 2/02:11 8/D 2/02:114

8/D 2/07:35 8/0 2/08:30

8/p 3/01:20

Subject C: PB/¥ 1/01:10

Altbough all 4 of our crewman took drugs, «nd 3 subsequently experisnced symptoms, the 3 symptomatic crewmen
had the distinct impressiom that certsin of the drugs they took were halpful in veducing their overall
discomfort, Also, dats on the velstive frequeme: of vomiting episodes with and without scop/dex ie
consistent with the notion that this drug, known to be effective sgainst other forms of motion sicknass,
reduces the incidunce cf vomiting iwm space sickness: As iudicated iv Table Il. thres subjects took scop/dex
fraquently over a 2-4 dsy period, If experience im 1- g is & guids, scop/dex is wost effective in the periocd
3/4& br until & br after sdministrationm. 3 out of 4 of Bubject A's vomiting episcdes, and 5 out of 6 of
Subject B's episcdes (ses Figs, 2 & 3) took place guteide of this pariod of presumsd effectiveness. For
Subject B, the single exceptiow wvas on MD 0, when he vomited some three hours after teking scop/dex. Bubject
A took scop/dax at 1/02:20, and vomited at about 1/04:00, Subject D, who also used scop/dex, was
nmtmtic the entire time. Subject C had not taken avy drugs prior to his 2 vomiting episoder on MDO, He

tly took p basine/ephedrine once at the eud of bhis second full working day. Hia imprassion was
that it Yoartainoly had some effsct" in reducing his sywptoms hefore ha ratired.

Io evalusting drug effectivaness, ve balieve it is important to keep in mind that the protection couferrved by
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a drug is a uatter of degrec, und no drug has been found for motion sicknsss, let alone space sickness, vhich
acts as & “silver bullet", totolly preventing sickuess ir everyous. GCiven this, we believe that our 3
subjects' experiences - at least with scop/dex, aud possibly with prometbazine/uphedrine ~ are encouraging.
Considering the number of scop/dex doses taken in successiom, it is slso votewortby that siguificent side
effacts (other than dry mouth) vere not reported.

Matoclopramide HC1 10 mg. (Reglan, Robbins) is a dopamine antagonist kmown to increase the amplitude of
gastric contractions and the tone of the esophageal ephincter, relax the pyloric sphincter, and increase
peristalsis of the duodenum. its conventiomal clinical use is to stimulate gastric emptying. Howaver, its
uUse against motion sickness has been advocated by several workers, and it was informally evalusted on &
previous Shuttle f1light with some apparent success, On Spacelab 1, bowever, neither of the subjacts who
tried metoclopranide wers convinced of its effectivensss. Bubject A reported that after becoming frankly
sick for the first time (at about 1/04:00), sbout two and & half hours later "I took Reglan..the last
scop/dex vas four or five hours earlier. I vanted to be surs there was no conflict between the two. I
checked for belly sounds, found they were sbout 1/3 the normal kind of motility and noises, and thought
‘o.,k., maybe if I take that Reglan, things will subcide. Took the Reglan [at about 1/06:25), Mo
change.,.and I got sick promptly thersaftex[, snd agsin at about 1/08:25] ..I decided that the Reglan maybe
hadn’t had time to sbsorb. Tried it one more ti-e [at 1/10:15]; got sick again [about 39 = 45 minutes
later]. ...the report [from an earlier shuttle fiight] was that its [affect] was almost iustantsneous, thst
you take that stuff aad right off you begin to feel better, It didn't [work that way] for me.

Bubject B took Raglan twice, in cowbinstion vith scop/dex. He described his experience this wvy (c.f. Fig.
2): “The second day, I woke up, and decided to wedicate. 80 I took & scop/dex. About & hslf and hour later,
1 want in [to Spacelab] and was getting to do the blood draws, and I raalised I wvasn't fesling too great. { I
don't think the scop/dex really had time to work.,) I thraw up there, And then I said, 'ok, maybs 1'll try
a Raglan'.,. That gave me some uncomfortable feelings in my stomsch....like my muscles vare really
tightening up in my stomsch and lover abdoman. I pressed ou. And sbout 5 hours later, I took a scop/dex,
vhich was halfway through the day....X could tell that 5 to 6 hours vas the time course.

At 1/8:53, Bubject B noted " I haven't really been limiting my motions or sctivities lately. HNor have I
tried to maintain any specified orientation with the fSpacelsb recently.” In the debriefing, he continued:
¥...a1l of a sudden I could tell my symptoms ware going up and I was fesling worse. [Bhortly thereafter, I
vomited again) [.Tima for another pill. 8o [I think scop/dex] definitely helped me, and I was able to keep
working... The third day, I woke up in the morning, and..I took & Reglan and a scop/dex almost

simultanecusiy...I took two more scop/dax that day, one at mid shift, and one about the time of getting off
work.

It should bs noted that the effect of Reglsn on motility can be abolished by anticholinergic drugs, so taking
Reglan in combinstion with scopolsmine msy have compromised Bubject B's trial to some degres.

Motion Bickusse Symotows and Bisns Qbssrved
1, Bubject B Summary:

An indication of the individual sywptoms and sigus experiunced by Subject B during the fizet two days of the
wission can be obtained from Table IIX below, (Mausea and vomiting episodes were not included im Tabls III,
nor was apigastric avarenesr and discomfort, which was almost continuous during this period,) A compsrison
with Table I demonstrates that that palusr swesting, dry lips, flatulenca, balcking, and yawning were sesr in
both motion sickuess sud spsce sickness in this subjects (In preflight testing, we did not systematically
ask about the degres of apathy and coucentrstion impsirmeut, although these are frequent syaptoms of motion
sickuess (Ref. 3). EHowever, they wers a flight checklist item, and Subject B reported them with sows
frequency on orbit.)

TABLE I
FREQUENCY OF SYMPTOMS AND 8:CNS DURIMG WD 0-1
(Bumber of reports iun &8 hr. by Bubject B)

Iiuduho'

Cold awcating (palms)
Dry lipm

Sansitivity to sensory stimuli
Flstulence

Balching

Yawning

Apathy

Concentration (impaired)
Anorexis
Dissiness/disorientstion
Subjective warmth
Drowsinsns

Raspiration changes
Pallor

ol ol
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* Note: Bubject B reported hesdache due to
extended wea: of accelerometer hesdband

Our subject vho bad experianced space sickness on Skylab said that his symptoms and signs in Epsceclsdb were
similar, except that be bad wot vouited on his previous spsce flight,
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It is interesting that drowsiness, which is frequently observed in other forms of motion sickness, was not
meutioned am & prominent symptom. We suspect that any tendencies toward drowsiness way have been cushioned
by the anti-motion sickness medications taken by our subjects, by their demonstrably high level of wotivetion
and interest in completing the experiments, by their frequent constant voice commuuicstion with the groumd,
and becsuse -they frequently worked intersctively with other crewmen.

Ovexrsll, our 3 sywptomatic subjects felt that the majority of the symptoms sud sigos they axparisnced were
similar to those sncountered in preflight training. However, significant exceptions were also noted which
are discussed below.

2, Nausea and Vomiting:

Bubjects A snd B vomited repeatedly in the Spacalab, but spparently slways had sufficient warning to wove out
of the field of view of the video camaras.

Bubject A veported: “It gradually built up. I could feel it coming. Finally 1'd have to decide 'o.k. well,
1'm juat not going to be able to supprasc it sanymore', and so I would stop for five wmiuutes, throw up, take
care of the bag, and get back to it...It wam pever unexpected; I was uever caught unaweres.”

However, subjact B was surprised that the crescendo of prodromal nausea prior to vomiting seemed to occur
aurpriviagly quickly, as compared to his previous experience:

Subject B: "Unlike hers on the ground where things tend to building up - I've baen sick alot om the ground
for different reasons,..it's different in the oense that you are sittiag thers and you sre not feeling really
great but you've been fesling that way for an hour or an hour and & hslf, and things haven't really changed,
and then a1l of a sudden, it's..a one or two minute warning, You say: ‘I've got to stop doiug what I'm
doing', and then it's like you've gone over the das..aad you rsach for the bag, It's over in & minute. And
I falt much better every time after I turew up... Aund then get back to work., Yes, it did [feel like &
normal nsuses sensation], but it wes reslly fast. If I have stomach flu, you juast sort of sit therve and fesl
naussous for hours, aud you'rs not sure if you are going to throw up or mots It wasn't this vay. I wasa't
nauseous, I just had stomsch discomfort, It just didu't feel right, and I was dolog thingu to keep my
activity down. But I don't think I reslly slowed down until 2-5 minutes before I vomited. And at that
point, you say: 'Oh, I think I better take it emsy' and then the mext thing you know, you've gone bayond the
point of no return."

Subject C had no experience on which to base a comparison, but he eleo reported little waruning befors his
epinode of vomiting: "I have reslly oo way to tell you, because in spite of all the thinge I have dons in ay
life, [prior to this flight] I have nuver managed to vomit [when motion sick]. And [the space sickness] wvas
probably the only two times in my life that I [recall] vomiting wver...I caunct tell you [if there was nausea
associated with it]. The way it feals is: just s few smconds bafora it stsrts, you feel this stuff sitting
[in your throat]..You bite it a little while, and then give up., And the moment you [vomit] you fasl much
better,

All three subjects who vomited always experienced relief aftarwards. The shorteat time betwean vomitiog
spisodes Teported by Bubject B was approzimately 50 minutas.

“gudden" vouitiug with only very briaf prodromal nausea has been cocaricually reported on earlisr miesions
(Ref. 7), and hae lead to (unpublished) spuculation by sous that since vomiting in spsce sickneas can
apparantly uave no prodroms at all, that tharefore ths etiology of vomiting in space sickness muut somehow be
totaily diffexent than in wotion sickness, However, ve believe sevaral facts argus agaiunst this view:

First, all thres of our syaptomatic subjects reported prodromsl overall subjective discomfort prior to the
ousat of nausea and vomiting., The extent of this prodrome ie exemplifiad by Subject B's dsta in Figures 2
and 3. Secoud, there is some evidence (Ref. 21) that “avalanching" of symptoms just prior to vemitiug is
more characteristic in individuals who are highly resistant to motion sickness stimuli, (Indesd, on the
basis of the preflight data in table 1 for Subjects A,B, and C, in which Subject C appearad lesst susceptible
and Bubject A mora suscaptible, one might have predicted the individusl differences in avalanching pattern
seen.) Thairdly, “sudden" vouiting of the type described by our subjecte is also reminiscent of that
fraquantly observed with relatively long duration provocative stimulation, for exsmple, ss in ssasickuess on
ocesn liners. Ocean travel end seasickuess is much less common today than it once was, The majority of
recent clinical and resesrch experience with motion sickness involves stimulation over minutes to lours, not
days, and use symptom endpoints short of vomiting. Csrtainly our subjecis' impression of what constituted
their "norwal" prodromal pattern undoubtedly was determined by their previous experisnce and the type of
stimuli we used in treining. Half a century sgo, ships' wadical officers fraquently noted that sudden
vomiting was quite typical of seasickness on long passages. In his classic clinical paper Dasnces (Ref. 22)
voted that “vomiting is very oftea projectile in character, and thers may be little or no uauses preceding”.
In 108 cases reviewsd by Maitland (Ref, 23), 34 vomited without reporting nsussa first, Hill (Ref. 24)
agreed with this assesement, Xt is intevesting that Subject A, who felt bis space sickoess nauses built up
in & more or less expected fashion, bad praviously served ip the U.8. Navy, and had experiencad symptoms
wiile on a destroyer in a hurricans. Our KIT research group's recsut experience in testing with other lovg
duration, "chronic® provocative stiwull has been thut after the ouset of first sysptoms, the “dynamic" of the
subject's response changes with time such that he becomes much mcre sensitive to stimulation. Our subjects
make intervals of head movements over a 1-2 hour period while wesring priss goggles or while in & rotating
chair. After several symstomatic intervals, subjects geuerally f£ind they can make far fever head movements
witbout vomiting, We believe that “sudden vomiting” is to be axpected in space cickusws, and that
additicnal reessrch is nesded to better define tha sl“!hnnce batwesn wotion sickusss responses to short and
long duration stimulstion.

3, Cold Swaating:
Cold swasting is s consistont symptom of wotion sfckuass (Ref. 3), und was frequently sean in Subjects A, B,
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and € in preflight wotion sickness teste. Tt has apparently been reported Soviet cosmonauts ouffering spacs
sickness (Ref, 17).

Subject A reportsd: "I swast slmost zero; I could have ssaily worn one shirt for the whole £1light". On the
baais of his preflight experiemce (Table 1), Subject A was slightly surprised st his lack of swesting, given
the intensity of his other symptomv. Subject B consistently reported "cold, clammy hands" as he hed in
several preflight tests, but whereas swesting oo the backs of his hands, arms, and forehesd had besn noted on
occasion in traluning, on orbit, sweating on the remsinder of his body apparently resained st iusensible
levels. Howcvar, tha appearance of sweat is umotoriously dependent on environmeutsl factors. It may be
relevant that che wid-deck was subjectively cold during the first two daye of the missiou, snd the Spacelab
module vas cold (approx, 68 deg. ¥) aud dry throughout the entire flight. Iu some of our preflight test
situations , the temperature and huwidity of the environsent could uot be well controllsd, and in one case
(the cabin of the device used for horizontal axis rotation) was quite warm, and couducive to therml
svesting, With respuct to Subject B, it may be pertinent that the physiclogy and time course of palmsr
sveating is known to be somevhst different then that seen on the "thermal" swaat aress of the remsinder of
tha body (Ref, 25).

4, Pallor:

Facial pallor is one of the wmost cousistent signs observed in motion sickuness (Refs. 3 & &), vas seen
fraquently io our twaining and testing preflight, particularly in aubjects A and D, and has besn reported
prasent in Salyut/Soyus crewmembers (Ref. 17), However, it iy repurtedly difficult to observe visually on-
orbit (W. Thorntun, personal comaunication). Thia could parbaps be dus to changes in skin circulation
patterns caused by £luid shift. Therefors, we wers not particularly surprised that pallor was not notad
visually in flight. Bubject B checked for pallor in himself on 10 vccasions durimg the early days of £light,
alvays with negetive results. However, in postflight debrisfing, Bubject A, reported "1 definitely sav
[6ubject B] with pallor while 'in axtremis', I might very well have had [it] also. (Bubject B] definitely
had pallor around and associated with vomiting episodes.”

Va believe it is important to verify that some degree of vasocoustriction tends to occur as a consistant
festure of space sickuess, just sa it does in wotion sickness. Sensitlive electrooptical instrumsatation
suitable for monitoring skin pallor in ambulatory subjects is under development st MIT for use in this
experiment om future flights (Ref. 26).

5. Headache

Headache had been occasionally uoted as s preflight wotion sickuess symptom in Subjects D,A, and 3 (in
decreasing order of frequancy - see Table 1), On c¢rbit, Bubjects 3 and C both reported slight to woderate
hasdaches, but belisved that thase were largely dus to the occipital acceleromster package they vore, which
was held {u place by s cloth headband passing over the brow. The headuche typically daveloped after several
hours of wear, did not modulate with other sywptoms, aud was present throughout the wmission vhenever the
acceleromaters were worn., (The accelerometar hesdbands had been uoted to produce hesdeches during preflight
experiment simulations; they were not worn during preflight wotion sicknass tests. The hesdhand iws being
redesigned for future wmissiors.)

Subject D, who wore the scceleromsters only briefly, raported "I had headsches, but I huve headaches, so it's
uot really umusuul. Headsches right across the top of my hesd. I had it a couple of days in the afternoom,
but it wasa't really until [wission days) 2-3, I wouldn't neccessarily sttribute this to the effects of
fluid shift. I get headaches at home like thst.”

In detriefing, Bubject A noted that "Somstimes in the worniug 1'd wake up with & little bit of a headache.
But as soon us I begsu auny kind of sctivity, moviug around, it disappusred. I never took sny aspirin er
Tylenol at &ll during the flight." Question: Could the haadache be due to closing off of sinuses T Auswer:
“It's possible. 1 alvays used a little touch of Afria, which I use frequantly at home [most nights], That
always works pexfactly and opens up my nssal passages very micely."

6.Anorexia:

Avorexia is freguently seen im motion sickauas, and is also potentislly a aide effact of taking dexedriune,

Symptomatic subjects experienced anorexia esrly in the flight, as indicated by the subjects' debriefing
comments !

Subject A: “I've got listed 411 1 ate in the first 4 days, It was probsbly omly about 100 culories total. I
wasn't starving, I just dida't want to eat, I had 2 plece of brasd aud & banana, and one ox two other items.
That was it. But after that it was nearly normal. .But I never ste lunch for ten days. Crackers or
sometiiing but that was it. We vers too busy."

Subject Bt " I started out, didu't wat anything the first duy. Balfway theough the second day, T think I ate
two Saltine crackezs. I drunk elot of water., 1 was continuously drinking weter. Every time I'd throw up,
it was water that wes coming back .- At thy wnd of tha sscond eveniug, I ate sbout half a mesl - chicken s
1s king or somsthing. It slowly picked up from there. The first couple of days, we didn't really eat lunch.
Ve could uever find 10-15 mitutes even to go back thers and get things prepured.®

]
Subject C skipped breakfust om first murning, and drank very little during the first 2 days,

Subject D ssid: “X dom't sat lunch, anyway. But L ate 2/3 to 3/4 of what wan packed for such meal for avery
weal,.,right from day sevo, om,

Veight losses oo orbit as o percentege of body weight varied Lrom 6.6% im Subject A to 4.1% in Bubject D.
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Anorexia early in the mission may have been a contributing factox.

7. Abdowinal Sounds

Considerable exparimental svidence (revieved in Ref.}, psge 58) indicates that gastric hypowotility is
couuistently seen iu motion sickness. A reduction of bowel sounds hay bean raported in spsce sickness by
Thoruton (personsl communication). On Spacelab 1 an slectronic stethosciye was carried, and taped to the
abdomen when used, Subject A reported that when he was experiencing some symptoms on flight day 2, he
“checked his bally sounds, and judged them to be roughly 1/3 normal.” Om day 3, ke judged his sounde as
normal., Subject B reported that “On the evening of tha second day, 1 listened to wy bowel sounds, aud
concluded they sounded normsl, This was the second eveniug, batore I ste some dianer. Prior to this, I
hadn't had the time or the inclinstion to listen," He rechecked his sounds on the third day, with the same
result,

Additions] Symptous and Bisos Obsarved sssociated with Neisitlessness:
1. Fluid shift

Our subjects expected to ohserve symptowe snd signs of s rostral shift of blood and interstitial fluid
inmsdiately upon rasching orbit. We asked them: when did you first notice the symptoms and sigus of fluid
shift 7

Subject A: "Ninutes, Xt was just like banging upside down..[It was] not particularly uncomfortadble...

Subject B: “Within 10-15 minutes”. Question: Did you notice them lass as time passed ! Answer: "ot until
sbout day 6. First 4=5 days, I felt really puffy, congasted, and tha sams way svery day. I was looking for
it to level vut, but it wasn't until about day 6 that I moticed that it wus atill there, but it didn't semm
af prominent ~ you get used to it." ",,.I bad alot of comgestion. It was like I had a bad head cold.
Started using Afrin sbout the 3rd day, sud used it about every 18 hours for almost the whole miusion. And I

could t]:c.u when it wore off, Within 20 minutes, I'd get toitally stuffed up and [would sound that way vhen I
talked]." '

Looking in the mirror, Subject B described his fluid ehift signs at 0/10:54 as "fluid shift - most of it is
around the jowls and cheeks,..thers is some increased puffiness under tha syes, right up st the top of the
nose, and an ivcraased fullness in the skin up by the sideburns vear the esre," His report at 8/23:30 was
sssentially identical.

Subject C: "In wmy case, {fluid shift] was really drsmstic., it was uricomfortsble. And also, if I tock a
looked in the mirror and saw my own fsce, I waa shocked., It was veally puffy. It persisted basically
through the entire wission, It [slowly got] a little better, but I still lookad differsot at the end of the
wission... 1 had no problems with [stuffy] nosa, throst, or things like that,...But I could also fael it..up
in my head...its & real fesaling of fulloess, everywiers,"

Subject Dt "I was awara of fluid shift Erom appesrances, ..aud looked to see how it looked...[ don't remember
feeling s particular uncomfortsble fulluess of the face, My nose was stuffy, but there vas also alot of lint
and [debris] flosting ayound.., MKy nose was pot draining. But my wembrenes were swollen, and thia is
probably s good an indication ss any that it was not what was ip the air as such as it vas iuncressed fluid
in the head., ..sinus [ache] snd fullness cf the head [feel like] the same thing really."

It has been apecvlated that perhaps space motion sickness could be somehow associated with decreased pressure
in the middle ear due to functional blockage of the Bustaciun tubes by fluid shift pharyngeal sdema. Also, if
exposure to weightlessuess vere to somehow cause pathologic changes ip the inuer esr, ss as baun suggested by
some, one might expsct concomitant changes in auditory function as well. All subjects denied any problems
with hearing or Fustacian tube function., Subject A comnmented * My sense of taste snd smell were laxgely
sbsent for the tirst 3-4 days. But nothing {wroug with] hearing. As a matter of fact, we'd do a little
pressure test or change for one thing or anothar, and I could feel my sars pop, with quite normal Rustacian
tube clearing., No problems,"

2. Back Pain
Subjecta B aud D experisnced significant back pain during the mission:

8sbject B votad at 0/7:37 that his “whole spine feels distended; muscles in the back sre a little stiff..".
This stiffness progressed into moderate back psin which persistud at least through WD 4.

Subject D felt no esnse of spine distension but admitted that he dida't specifically look for it. EHowaver,
he had "defiuite back pain, for the first 2-) daye. Lower back psin..in the lumbar curve, I bave mild
scistics, and do back [abdominal] exercises [et home], wnd it takes caze of it very nicely... The first
couple of days, you were wtiff alot of places, causs you were doing alot of things that you weren't used to
doing.. and it would be hard to say that I didn't have & [slightly) stiff neck during those first few days.
¥o sbdominsl muscle pains,..The business of maintaining posture while using two bands = that's why your
suscles are 80 tired - is 3 vary stressful thing."

¥hen debriefing, Subject A said he did not feel any back pein, muscle pain, or that spime feit stretched,
Bubjects A and B had no previous bistory of back injury or significant back painm,

T
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COHCLUSIOME ;

In this paper, we have tried to present a datailed description of 3 cases of apace motion sickness as they
occured on Spacelab 1, drawing heavily from the firsthand narratives provided to us inflight and immedistely
postflight by our subjects themsslves. These sickness mounitoring aud provocative testing experiments are
schedulad to £ly on several other Spacelsb missions, so this rveport should be regsrded as only preliminsry,
Anslysis of data from the head wounted sccelerometers worn by 2 of our subjects is not yet complate. Hance,
we are reluctant to draw strong conclusions based on tha axperience of only 4 individuals. Nowever, our
subjects had buen spacifically trained ic motion sickness symptom monitoring, and their patterns of response
to various provocative stimuli well established in preflight tewting. They wars koowlegable in the
physiology and psychophyeice of spatial oriemtation and vestibular functiom, 80 we believe their reports will
b¢ of particular interest and utility to the sclentific community. Hence we are msking their reports and our
preliminary interpretations available to serospace wedical specialists now,

Three of our four subjects experienced significant symptoms which were gemerally similar to their own motion
sicknass symptoms preflight. Our subjects quickly lesrned to limit their head movements, snd sttributed
their sickness directly to the high level of physical sctivity demanded of them during the fixst days of this
scieuce oriented mission. Thay beliaved that had there been sufficient flexibility in xetimelining their
activities during this period, they might have been able to pace themsslvas better physically, sud perhaps
have avoided vomiting. As it was, our subjects elected to press on, snd ull 3 vomited ssveral times durL;
the first two days of the flight. All thres fel: better after vomiting, and noted that if the objective is
to get the work doue, one can put up with vomiting occasionally. Although they all experienced a prolonged
genersl malaise, it is eignificant that two of our thres subjects exparienced only a short period of intenss
prodromsl nausea prior to vomiting., Although additiomal research ou this point is desirable, there is
svidence that s sudden “avalanche” of symptoms is characteristic of long duration motion sickness, and alao
of relstively resistant subjects, (which these two ware). Othar symptoms sud sigus observaed included
anorexie, flatulence, belching, yawniug, sensitivity to sensory stimuli, wild apsthy and impaired
concantration, and subjective warmth. Persistant headache was reported by two subjects, but was probably
attributable to the scceleromster heudband. One subject (of two) reported via stetboscops a rsduction in
sbdonincl sounds. In the symptomatic subjects, psllor was notably visuslly absent, ss was cold sweating from
thermal avess. We tentatively attribute these latter observations to the presence of physiological fiuid
shift, snd to the cool, dry environment of Spacelab, raspactively. Drowsiness was not comspicucus, Oue
subject experienced a parsistent, uncomfortable feeling of stomsch elevation and some difficulty in burping
early in the wission. 1Iao l=g motion eickness tests, this subjoct bad reported "substernasl pressure” and a
“sonstrictead fesling in the chest¥., Hovever, in 0 - g, his sensstions vould also be attributable to a
rostral shift of abdominal orgaus snd interstitial £luid and/or trapping of gas in the stomsch, The possible
contributory role of thess ™gut” factors in indlvidual subjects uesds to be investigsted fuxther, Our
subjects denied having any difficulty with hearing or with ¢learing their esrs, although all reported a
persistent feeling of hesd fulluowss and congestion, aud several ussd uassl decougsstauts through much of the
flight.,

Symptoms diminished by the end of the thixd day on orbit, althuugh they could still be alicited with vigorous
head wovemant through the fourth or £ifth day. Deliberately provocative hesd movemsnts made by ome subject
indicated that - st least for this subject = pitching sud volling hesad movemsnts wars particularly
diuo;hnth; and provocative sarly in the miveion, tut that later on, pitching movements becuma less
troublesous.

Although we have delibarately uot discussed readaptation to the terxestrial environmeant in this paper, it is
significant that upon reentry and landing, subjects initially exparisnced siguificant oscillopsia for seversl
hours, and were staxic for sevaral days postflight. Nowever, they had no “earth" sickasss upon their return,
A period of readaptation is to be expected if adaptsticn to weightlessness involves lesrning & naw set of
1ules relsting body movement and sepmory inflow.

The fundsmental question we asked our subjects to consider im postflight debriefings wast is space sickness a
form of mution sickness ! Their auswer - and ours - i{s: vary clearly, yes. ZXven without the head mounted
sccelerometer data to xeference, it was abundantly clesr from cur subjects' reports that head movemsnts
s«ssociated with physical activity precipitsted an increase in symptoms, as expected. Drugs kuowh to be
offectiva against motion sickness were taken by all, and weare judiged effawctive against space sickuoess,
altbough = as might be expected - thay did not provide everyous with total immsunity, Visual snd
tactile/proprioceptive cuss exacorbatad symptoms, alsc as expacted. To avoid cresting provocative visual
raoxientation illusions in themsslves or their compsuions, to the extent practical, all crewmen (inmeluding
the asymptowatic) should avoid assuming unfamilisr oxientstioms with respect to the spaceciaft imterior and
te esch other during the first several days ou orbit. Both subjects who nm “liko bats bavging from che
ceiling” in inverted mid=dack buuks foumd this orviemtation distvessing. mt jority of our symptomatic
lubint.l felt that txavelling through thas tunnal frowm the Orbiter to the Spacelab was provocative. We
belisve this way be becauss tha tusnel lacked a well defined “ceiling™ and "floor®. Tectile end
propriccaptive contact cuas provided aroumd the body by wedging isto a corumer or a bunk wers claarly
pallistive, &4 was closing ths ayes, provided that these comtsct suss ware simnltansously pressnt. {Im this
regard, savoral deficiescies in the present design of the buaks were woted.) These findings have clesr
impliceations with respect to future space station desiga.

In all these obssrvations, we ses pracious littie svideuce to support amy of the various “fluid shife¥
hypothesss. Although not all of these bypotheses can be formally ruled out due to tha limited set of
obsarvations wade, we believe thas raports of our trained obsexvers on Spaceladb - 1 completely support the
viev that space sickness fundamentally is motion sickwess, snd therafore is only a wormal hussn respotise to
am abnorws) gravitolwartisl eavirommewt. .
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UNIDENTIFIED SFEAKER: Were you able in the obsarved discomfort either with the prisa goggles orx

in the flight to sew the shars of peripheral vision versus full visual field?

OHAN: The fiuld of view was not large with the prism goggles, mayhe 50° x 30°. Nonethelass, it

was quite provocative. I would think if we had the appropriate equipment, s delmet wounted display

system with a very vide field of view, wo could make people sicker even faster. Our subjacts adapt to

the very narrow view of the priem goggles iu terms of achieving their orisatation informatiom.
UNIDENTIFIED SPEAKER: I have difficuliy im your axpression "space sickness i{s & wotion sick~

uess”, since the proving expariment was no: done kesping someone absolutaly quiet in space and sesing

whether he gets sicke I can identify at lanst three diffarent conflict eitustions that already exist
in opace without any movement.

OMAN: You distiuguish batween static apace sickness and kinotic space sickasss and that's a uvse~
ful distinction., X think you ara vight. In speaking in very ganeric terms of space sickness ay mo-
tion sickness, I think X chooce wy words very carefully in saying the avidence is consistent with the

viev that space sickusss is wotion sicknsss. I believe thers is precious littie evidence to the con~
trary,

ryg
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SPACE ADAPTATION SYNDROME: INCIDENCE AND OPERATIONAL
IMPLICATIONS FOR THE SPACE TRANSPORTATIONH SYSTEM PROGRAM

J.L. Homick, Ph.D., M.F. Reschke, Ph.D,, and J.M. Vanderploeg, M.D.

Medical Sciences Division
NASA-Jchnson Space Center
Houston, Yexas 77058

SUMMARY

The space adaptation syndrome (SAS). 45 an operationally relevant biomedica) problem for manned space
flight, On the basis of past experience, it is clear that SAS presents a pctential threat to the well
being and optimal operaticnal performance uf space flight crewmembers. In an effort to develop better
methods for the prediction, pravention, and treatment of SAS, invastigators at the NASA-Johnson Space
Center have initiated a systematic, long range program of operationally oriented data collection on &l
individuals flying Space Shuttie missfons, Preflight activities inciude the use of a motion experience
questivnnaire, laburatory tests of susceptibility to motion sickness induced by Coriolis stimuli and
determinations of anti-motion sickness dvug efficacy and side effects. During fiight, each crewmember
is required to provide a daily report of symptom status, use of medications, and other vestibular
related sensations, Additional data are obtained postflight. During ths first nine Shuttle missions,
the reported incidence of SAS has been 48%. A wide range in severity of symptoms has been reported with
general malaise, anorexia, nausea, and emesis being the most frequently described. As in the past,
self.induced head motions and unusual visual orientation attitudes appear to be the principal triggering
stimuli, Anti-motion sickness medication, although used by a high percentage of crewnembers, has been
of limited therapeutic value. Complete recovery from symptoms has occurred by missfon day three or
four. Also of relevance is the lack of a statistically significant correlation between the ground based
Corfolis test and SAS. The episodes of SAS reported thus far have resulted in no impact to Shuttle mis-
sion objectivas and, with the axception of a one-day postponemént of a scheduled space walk on the fifth
Shuttle mission, no significant impact to mission timelines. Additional data collection activities are
plannad for future Shuttle flights.

INTRODUCTION

Space motion sickness, recently renamed the space adaptation syndrome (SAS), 1s a special form of
motion sickness that {s experienced by some individuals during the first several days of exposure to the
microgravity space f1ight environment. The syndrome may include such symptoms as depressed appetite, a
nonspacific malaise, lethargy, gastrointestinal discomiort, nausea, and vomiting. As in other forms of
motion sickness, the syndrome may induce an {nhibitfon of self-motivation which can result imn decreased
abi1ity to perform demanding tasks in those persons who are more seversly affected. The syndrome is
self-1imiting, Complete racovery from major symptomatology, in other words adaptation to the space
flight environment, occurs within two to four days. After complete adaptation occurs, cre rs
appear to be immune to the developmant of further symptomatology. This finding was e\o?uenny demon~-
strated by provocative rotating chair tests conducted inflight during the Skylab missions (1).

The overall incidence to date of SAS in the U.S. and Scviet manned space programs is sumarized in
Figure 1, Data from the U.S. program are based upon inflight reports and postflight crew debriefings
and are reasonably accurate. The Space Transportation System (STS) Program results include missions
1-9. (Test activities and results related specifically to the STS Program are discussed in greater
datail latar in this report.) Data on the Soviet space program were derived from various U.S. Nationa)
Technical Information Service (NTIS) English translations of available Soviet 1iterature, personal com-
munications with Soviet vestibular {avestigators, and other open literature.(2).

During the first two U.S. flight programs, Mercury and Gemini, no occurrence of SAS was reported,
In retrospect, this finding 1s attributed largely to the design of the Mercury and Gemini spacecraft
which restricted the mobility of crewsembers as well as their ability to see outside, With movements
restricted, limited exterior vision and relatively stable internal spacecraft visual orientation cues,
crewnembers did not encounter the SAS symptomatology that was to be experienced 1n liter programs.

Thase factors changed with the Apollo and Skylab programs because the spacecrafi had move intarior
volume, thus allowing increased mobility of the crew. Bacausa of this mobility, the incidence of vesti-
bular and other sensory rearrangement A;»srolmws leading to SAS was heightened. The Skylab program
enabled NASA sclentists to invastigate SAS in a more systematic mannar. A number of quantitative vesti-
bular function and motion sickness susceptibility tests wera conducted with the Skylab astropauts pre-
flight, 1nf113ht, and postflight. Several reports detailing the findings from Apollo and Skylab have
been published (1, 3, 4, 5).

As indicated by Figure 1, SAS evants occurred somewhat early in the history of the Soviet space
?rogruu. This finding s 1n all probability related to the earlier use by the Soviets of relatively
arger spacecraft, It is obvisus from available data that the fraguency of occurrence of SAS has been
approximately equal in the U.S. and Soviet manned space programs.

In an effort to resolve the SAS syndrome, or at least minimize the operational impact of the syn-
drome, NASA has significantly expanded fts research and development ifforts in this aresa. As part of
this expanded effort, invostigators st the NASA-Johnson Space Center have initiated a systematic, long
rangt program of operationally oriented data collection on al) individuals assigned to STS flights,

A rriur objective of this program, which bagan with the first STS fliéuht ($T5-1), 1s to conduct in-
flight obgervations, supported by a series of prefiight and postfiight dats coliection procedures, on
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the crewmembers in an effort to begin validating ground based tests which may be predictive of suscepti-
bility to the SAS syndrome. An additional objective is to implement crew testing procedures which would
enable acquisition of data to be used in validating countermeasures for the syndrome.
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METHODS
Praflight

Part of the required crew preflight activity was based on guidelinas set farth in a NASA medical
cperations policy for the prophylaxis and treatmant of SAS with anti-motion sickness drugs. This polfcy
stated that astronauts with a positive history of SAS or with no space flight experience would be pre-
medicated with a properly salected anti-motion sickness drug. Premedication was opurationally defined
as taking the prescribed drug either prior to launch or immediately after the firgt inflight orbital
correction maneuver. This maneuver occurs about 10 minutes after orbital insertion. The policy further
stated that astronauts who had previously flown in space with no symptoms of SAS were not required to be
premedicated, Any individual who experienced SAS was to be administered appropriate inflight treatment
with anti-motion sickness drugs., The poticy required preflight side effects screening and efficacy
testing with one or more anti.motion sickness medications.

Approximately three to six months prior ta flight, each of the crewnembers completed a question-
naire designed to elicit pertinent information regarding past experiences with verious types of motion
environments and responses to those environments.

Also dur1n? the three to six months before flight each of the crewmemebers were tested at least one
time for suceptibility to experimentally induced motion sickness in the Johnson Space Center Neuraphysi-
ology Laboratory. A standard Coriolis Sickness Susceptibility Index {CSSI) test, originally developed
by Milier and Graybiel (6?. was used. This procedure requires the performance of head movements while
rotating at a constant velocity in a servo-contiolled chair, The test was terminated when the blind-
folded crewmember reached the Malaise III level (8 symptom points) of motion sickness or rerformed 150
head movements, whichever occurred first. This test served two purposes. First, it provided a ground
based susceptibility data point against which inflight susceptibiiity could be compared. Second, it
provided a baseline for subsequent evaluations of anti{-motfon sickness drug efficacy. During this test
session the crewnembers were instructed on the self-recognition and reporting of motion sickness
symptoms. They were also instructed on the use of a microcassette recorder and symptom checklist which
were to be usad inflight for symptom reporting.

In accordance with the medical operations policy for the use of anti-motion sickness medications,
the majority of crewnembers were screened for side effects with one or more madications, This screening
was typically dene under operational conditions. For example, the crewnember would use a medication
while working in the Shuttle simulator. Verbal reports of any side effucts experiencad were given to a
flight surgaon and documented. The medication most frequently evaluated 1n this fashion (and the most
preferred medication) was oval scopolamine (0.4 mg) plus dexedrins (5.0 mg). A recently developed
transdermal {ckin patch) method of administering scopolaming was evaluited by a few crewnembers, Also,
an oral combination of prometharine (25 mg) plus ephedrine (25 mg) was evaluated by a few individuals.

Crewmembers who were required to be premedicated for flight wers tested in the Neurophysiology
Laboratory to svaluate the efficacy of the praferred medication in praventing or minfmizing motion sick-
ness. The CSSI test procedures described above were usad, 1In a few cases whure the initially preferred
madication produced questionable resulis, the tost was rapeated with the same medication ar different
'ﬁdiunmi A minfoum of two weeks was maintained between the votating chair tests to minimize adapta-

on effects,

Inflight

A microcassette taps recorder and sywptom checklist were stowed onboard the STS Orbiter, The
flight crewsembers were required to use the recorder and checklist during a designated time (pre-sieep
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geriod) each mission day tec report on any symptoms or sensations that had been experienced during that
ay.

Postflight

Questions pertaining to SAS, vestibular sensations, and performance were asked of each crewmember
on the day of landing and during postflight medical debriefings. Several crewmembers voluntarily re-
peated the CSS1 test on the day of landing or within one or two days aftar landing, The purpose of re-
peating the CSSI test postflight was to determine what effect adaptation to space flight might have on
susceptibility to Coriolis motion sickness upon return to l-g.

RESULTS

Preflight

The motion experience questionnaire indicated that all of the crewmembers on STS missions 1-9 had
minimal history of susceptibility to terrestrial forms of motion sickness. The questionnaire vavealed
that a few had experienced some motion sickness symptomatology during past exposures to aerobatic
flight, parabolic flight, and heavy sea conditions, The questionnaire results did not correlate with
the actual incidence of SAS symptomatology reported by this group of 29 crewnembers.

The mean preflight baseline CSSI score (without medication) for the 29 crewmembers was 28.7 {S.D. =
21.6) on a scale of 0-100 where a score of 100 means extreme resistence to the CSSI test. In contrast,
the mean CSSI score for a normative population of 497 non-astronaut individuals at the NASA Johnson
Space Center is 14.0 (S.D. = 14,3}, Thus, 1t is evident that the typical astronaut 1s less susceptible
to the CSSI test than the average non-astronaut; however, the range of susceptibility within the astro-
naut population is large.

The frequency of occurrence of motion sickness symptoms axperienced by the STS crew population dur-
ing the preflight CSSI test is sunmarized in Figure 2, The symptoms shown are thuse which were being
manifested by the crewnember at the snd of the test. It may be sean that increasd body warmth (TMP),
mild nauses (NSA), sweating {SWT), and facial pallor {PAL) were the most commonly occurring symptoms.
Symptoms such as persistent dizziness (DIZ), drowsiness (DRS), and increased salivation (SAL) occurred
much less frequently. The pattern of symptomatoloy expressed by the SAS astronaut population with the
CSS1 test 4s highly similar to the pattern exhibited by a normative population,

(N:29) Figure 2.

Frequency of occurrence of motion
sfckness symptoms reported by the
Shuttle Transportation System (STS!
crewmembers during the prefH?h
Coriolis sickness  susceptibility
index (CSSI) test. Symptoms shown
are those which were pregent at the
time the test was terminated,

PERCENT OCCURRENCE
2 s

SYMPTOMS AT END OF TEST
Complete data are not avah:ﬁe wm| regard to the results of prefiight anti-motion sickness drug
efficary testing. However, where drug efficacy data were obtained with the CSSI it was found that the
CSSI score was raised by an average of 508, The drug test results ware highly variable with some crew-
members demonstrating a twos=fold or more decrease in their susceptibility with the drig tested while
others showed no improvement over baseline.

Inflight

As already indicated by Figure 1, 48% of the crewmembers of STS missicns 1-9 reported symptoms that
ware interpreted as being SAS. Table 1 provides an overall comparison of the prefiight CSSI test
results with SAS. The mean preflight CSS1 score for the group of astronauts who experienced SAS was
27.4, while the mean for the group who did not experience symptoms was 30.9. This difference suggests
that the CSSI test may be mildly predictive of SAS, However, the CSSI score ranges and standard devia-
tions for the two groups are large, The difference butwaen the two groups s not statistically signifi-
cant. In 4 further attempt to establish a relationship batween the (S5] test and SAS, the crewnembers
were ranked on a four point scala of inflight level of severity of symptoms. The statistical correla-
tion between the USSI scores and assigned rankings was near zero,

Pradominant inflight sydptoms reported by the 14 affected crewssmbers are susmarized in Table 2. A
comparison of Tcbis 2 with Figure 2 raveals striking differences in the pattern of symptomatology gener-
sted Inflight versus during the ground based CSSI test, The symptoms of subjective warmth, sweating,
and pallor which wore dominant CS51 test symptoms wers almost nonsxistent inflight, Only a few creumen-
bars reported saeing pallor in another crewmsmber. In contrast, anorexia, headache, malaise, lethargy,
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general stomach discomfort and vomiting were dominant inflight symptoms, One or more episodes of in-
flight vomiting were experienced by 13 of the 14 crewmembers who had symptoms. The vomiting episodes
often occurred abruptly with 1ittle or no prodromal nausea, although a general stomach fullness or dis-
comfort generally prevailed prior to vomiting., In most instances, vomiting resulted n quick relief
from the uncomfortable stomach sensations, although, for some crewmembers the discomfort would gradually
return.

SPACE ADAPTATION SYNDROME TABLE 1
Yes fo
N 14 16
% of Total 48 52
CSSI SCORE Group mean comparison of preflight CSSI test scoras
- and reported inflight space adaptation syrdrome (SAS)
X 27.4 30,9 avents for the 29 different individuals who flew dur-
S.D. 20,8 20.9 ing the first nine STS missions., The between group
Range 8.4-64.5 11,2.90,0 difference {5 not satistically significant.
SYMPTOM PERCENT OCCURENCE TABLE 2
Nausea 25.0
Abdominal Fullness/Discomfort 17.0
Vomiting 42,0
Anorexta 40.0 Space adaptation syndrome symptoms reported by crew-
Lethargy 40.0 members of the first nine STS missions. The data
Malaise 43,0 were derived from inflight and postflight debrief.
Headache 45.0 ings. Due to minor variations in reporting proce-
Pallor . 5.0 dures these data are relatively accurate approxima-
Sweating 1] tions rather than absolute values.

The specific nature and time course of symptomatology has been highly individualistic during the
first nine STS misstons. A few crewmembers have reported that symptoms appeared within the first one to
two hours of the mission. Others did not become aware of symptoms until the second day of flight, In
genaral, symptoms begin during the first day of flight, plateau between 24-48 hours and gradually dimin-
ish between approximately 48-96 hours, During this time the symptoms may wax and wane 1in severity.
Unquestionably, head and body movements contribute to the symptomatology. A general impression of the
typlcal time course of the more prominent synptoms of SAS 1s given in Figure 3.

Anti-motion sickness and/or anti-emetic medication was used by 21 of the 29 individuals who flew
dur1n? the first nine STS missions., The oral scopolamine plus dexedrine combination was the most fre-
quently used with 17 crewnambers taking one or more doses during the first few days of flight, The
first scopolamine plus dexedrine dose was Eenerally taken about ten minutes after orbhital insertion,
however, on three occassions crewmembers took the medication about two hours before launch. The trans-
dermal scopolamine skin patch, an oral promethazine plus ephedrine combination, compazine suppository
and a promethazine suppository were each used one time. Oral metaclopramide was used by four crewmem-
bers in an effort to restore gastric motility and alleviate nausea and vomiting. Thirteen of the 14
crewnembers who ex?erienced SAS, used medication during the course of their synptomatology. One $ympto-
matic crewmember elacted not to use medication.
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I1lustration of the approximate time
NEADAGHE | ﬁﬂl‘HHHHH‘I‘HW”“‘““ course of major symptoms of space
adaptation syndrome,
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MALAISE

MISBION ELAFBED TIMK (HOUMS)

Postflight

Two of three crewnembers who repeated the CSSI test immediately postfiight demonstrated a marked
resistence to motion sickness relative to their preflight basaline susceptibility. Because of their
busy postfliight schedules it was not possible to conduct additional tests on these individualy to deter-
mine the time course of return to baseline susceptibitity,

o ——

o




36-5

With one exception, a crewnember who reported a transient vertigo, no significant vestibular dis-
turbances were experienced as a result of exposure to gravito-interial forces during re-entry and land-
ing, None of the crewmembers experienced any motion sickness at any time post-landing, A number of
crewnembars experienced postural equilbrium disturbances immediately after landing, however, these dis-
turbances were never severe as evidenced by the fact that they all were able to walk unaided from the
Shuttle. Normal gait and postural control was recavered within hours to a few days after landing.

DISCUSSION
STS Qbservations

The incidence of SAS during the first nine STS missions was not unexpected when considering past
sgaee flight results. The relatively large habitable volume of the STS orbiter (ind in the case of
STS<§ the Spacelab madule), plus the fairly ambitious schedule of operational activities during the
fh;st several days in flight, are conditions condusive to precipitating symptoms in susceptible individ-
uals.

The CSSI test which involves exposure to Coriolis stimulation clearly did not predict susceptibi-
11ty to SAS. This outcome was suggested as early as 1974 when similar preflight CSSi test procedures
failaed to correlate with SAS during the Skylab missions. The Skylab data, however, could not be inter-
preted accurately because of confounding vari{ables. The larger sample sfze obtained during STS flights
1.9 unequivically rules out the use of a single CSSI test for predlctin% suscaptibility, These data and
previous similar data underscore the difficulty in predicting susceptibility to SAS with a single test
procedure. Additional data must be collected with several different test methods 4n an attempt to
establish a composite index or susceptibility profile. 1In this regard the CSSI test was discontinued
and new preflight data collection procedures were implemented beginning with the STS-11 flight. These
procedures include an off-vertical rotation test which provokes motion sickness by otolith stimulation
and a sudden-stop test which {involves vestibular and visual stimuldtion, Both procedures are modifica-
tions of tachniques previously developed by Graybjel and his colleagues (7,8).

In assessing the effectiveness of medications utilized inflight, it must be recognized that they
were medications usually taken after orbital insertion and may have had insufficient time to reach a
therapeutic level bafore the individual was stressed, Orally administerad scopolamine normally requires
60-90 minutes to veach its peak effectiveness. Some crewmembers were already agmning to move about in
the vehicle within that period of time. On the basis of available data 1t cannot be determined whather
or not affected crewmembers would have had more severe symptoms {f thay had not used anti-motion sick-
ness medication. Verbal reports suggest that the medication was having some positive effect, although,
the time course of action seemed to be delayed, Reduced gastric motility apparently interferred with
absorption of oral medications. Clearly, additional ground based and flight data must be collected to
ustablish more efficient drugs and drug administration strategies, Because preflight drug efficacy
testing has not had a major influence on the actual drug used inflight, such testing with the rotating
chair was discontinued after the STS-9 mission.

Alterations to Mission Timelines Induced by SAS

On the basis of available information, a definitive statement of the effects of the SAS on mission
operations and crew performance cannot be made. No guantitative testing of crew performance has been
conducted during any of our past space flights, Also, specific and complete information on meaningful
mission timeline alterations induced by SAS s not readily available.

In general, however, it is known that the overa)l impact of this syndrome on mission operations in
the U.S. space program has been minimal. Planned crew activities on only four missions (about 10% of
a1l flights to date) hava been altered by the syndrome, A planned extra vehicular activity (EVA) on
Apollo 9 was postponed one day in order to allow the crewmember scheduled to do the EVA an opportunity
to fully recover from symptoms. The crew of the Skylab 3 wission went into a “pawerad-iown" mode (f.e.
reduced their workload) during approximately the first 36 hours of flight because of SAS symptoma-
tology. A scheduled 11ght work load day was traded with a busy work load day to allow the crew of the
$7S-3 mission to overcome symptoms. Lastly, a planned EVA on STS-5 was postponed one day to ensure that
an affected crewnember was fully recovered from symptoms of SAS, (The STS-5 EVA was ultimately cancel-
Ted, not because of crew health, but because of failures in both EVA suits.)

None of the four events cited above had a deliterious impact on the successful accomplishment of
mission objectives. Likewise, on all other missions where SAS symptomatology occurred, no degradation
in mission objectives occurred despite the fact that the operational efficiency of affected crewnembers
was probably impatired by sowe unknown amount. A significant factor is that with larger, cross-trained
crews on STS, temporary performance inefficiencies experienced by part of the crew can be vompensated
for by other unaffected crewmembers, Such trade-offs may not be possible if the entire crew is mader.
ately to severely affected by SAS symptoms. On the basis of past experience the 1ikelihood of an entire
STS crew heing affected is remote.

Genaral Considerations

The precise machanisms underlying SAS are not fully understood, however, most investigators in this
area agree that the syndrome has {ts origin in the vestibular system, It {s geherally believed that the
combination of varying degrees of microgravity induced alterstions in vestibular (especially otolith),
proprivceptive and somatosensory function plus unaitered visual function, causes sensory-perceptual con-
flict of the type originally described by Reason and Brand (9). The importance of vestibular function
and the probable role of sensory-perceptual conflict are underscored by reports that head movements and
unusual visual orientation attitudes within the spacecraft both trigger and aggravate SAS symptomato-
'Io?y. Pronounced headward shifts of body fluid occur in microgravity, Investigations to date have
failed to pravide clear evidence for implicating fiuid shifts in the 5AS syndrome (10, 11, 12).
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In addition to the present lack of understanding of the eticlogy of SAS, issues of greater opera-
tional significance remain unresolved, Paramount among these are the issues of prediction, prevention,
and treatment. Ground-based techniques for the a priori ldentification of persons susceptible to this
syndrome have not yet heen validated. Effective and operationally acceptable countermeasures have not
been develoﬁed. Anti-motion sickness medications have been used with some regularity in the U.S. pro-
gram, but their therapeutic value has been unsatisfactory. Nonpharmacological approaches, for example
adaptation tratning or biofeedback training, have not matured to the stage where they can be applied in
a routine fashion to astronaunts, In short, SAS remains an operationally relevant biomedical problem
tor manned space flight and has demonstrated potential for affecting the well being and optimum perfor-
mance efficiency of flight crewnembers.
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RIEQUECION

d:ummn: What was the impsact on the vomiting eposides as far «s food and water intake was con-
cane

HOMIOK: The data we Lave in this ares wers rather sketchy and dapand eatirely on post f£1light
sugpestive reportivg frow the crewmun. Generally spesking, during the first days of flight when many
of the crevmen were not feeling well, there was an obvious tendency not to eat very much solid food
and & number of crewmen axisted entivsly on liquide. I cau't recall sny spacific information about
the relationship batvasn ingesting food relative to s vositing incident although certainly ou sowe oc~

Gll::nl crewmsn have raported shortly after consuming some liquid or some food to have it come back up
again,

MONEY: Mow effective is metaclopromide sgainst motion sickaese on Barth, and how affective is it
in space?! Who coined the ters “Space Adaptation Syndroma“t

HOMIUK: Duta from ground based studies are very limited. One study dyne at tha Jolnson Bpace
Uenter showad that mataclopromide was ineffactive as a countermsasure for motion sickoess induced by
exposurs to Coriolis cross coupling etimuli im a rotating chair. Metaclopromide used <uring space
flight has produced mixed results. A few crev mambers exparienced relief frow nouses aud vomiting
vith the drug, Other experienced no beneficisl effect. In the latter cases, the crewsen were ulso
using scopolamine, s pharmacologicsl antagonist of metaclopramide., Tha tarm “ipaca Adsptation Syu-
drome” was coined by WASA management pexsonnsl. The term was originally coinsd as a substitute for
the term space motion sickness. However, the term is now generally used to describe the entire spuc-
trum of physiological responses to weightless space flight that may have some potentislly negstive
consequances for the crew, thue, cardiovascular daconditioning msy be comsidered a part of the space

adaptation syndrome. Hpace wotion sicknass is novw gemerally considered a subsat of the spacea adapta-
ticn syudxome.
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ANALYSIS OF HEAD MOTION DURING SIMULATED, ROUGH WATER OPERATION
GF A 2200 TON SURFACE EFFECT SHIP

Wiliism R« Anderson, Gilbart C. Willews and Joha C. Guignard
Haval Biodynamics Laboratory
P. 0, Box 29407
New Orleaus, LA 70189 U.S.A.

SUMMARY

Ninstean Navy voluntesrs were exposed, for periods up to 48 hours, to simulaced wotion envirousents
predicted for a 2,000,000 Xg (2200 ton) surface effect ship. Surface effect ships, which are supported
by & cushion of air, operate st high spseds and produce motion strongly iufluenced by tha dyaawtcs of the
alir cushion. The motions of both tha environment and ths haad of each volunteer ware msasured during
scheduled 5 minute iatervals and the relationship of head motion to fuwpending emesis was investigated.
The time series data and the frequancy spectrs wers axamined to identify variability in head response
resulting from: repetitions with the same subject, rapetitions with different subjects, repetitions with
a subject in different positions, repstitions simulating diffarant ship opersating conditions, repetitions
with and without pitch and roll motions, diffarances betwesen well and sick subjects, fatigue, and
prograssion to emesis. Heave, pitch aond roll motions in the range of 0.05 to 1.5 Hr wire eimulated.
Results of the analysis indicated that s correlation between spontanecus head motion and motion sickness
exiets, Additionally, the results demonstrate the utility of studying the aeffacts of wotion in a
controlled laboratory enviroument. The wethodologies developed may resdily be extanded to other ship
motion probless.

BACKGROUND

A new ship technology (1,2) which wmay produce large scale surfaca effact shipa (SES) that can
opaurate st speeds up to 150 Xm/hr (80 knots) in the open seas 1s under world-wide developmant. The SES
is supported primarily on & large plenum of air, resulting in reduced hydrodynamic drag and high
oparating spssds. The wotions characteristic of these ships represant & significant departure from the
motions produced by prasent ships of comparable displacemsnt. The spectrum of the haave motion, which
depends upon the wave encounter rate and the ship's natural heave frequency, exteands to highar
fraquenciss than couveaational ships. Pitch aud roll amplitudes are reduced. ‘The effacts of this motion
on craw personnal may be differeat from that experianced on conventional shipe.

One of the principal complications resulting from ship wotion i{s motion sickness. Many
investigations of motion sickness have besn reported in the literaturs (3), but specific procedures for
predicting tolerance to complex ship motions have naver been successfully formulated. Thus, although the
wotion of an SES can be pradicted from the enginaering design, the effects of the motion on the ship's
occupants le largely conjectural until the craft has besen built and tested & ses.

The U.S. Navy initisted a program for investigsting crew habitability of a rapressntative large
scala SES. Nineteen novice U.S. Naval enlioted cecesrch voluntsers, specially salscted for harardous
duty bilodynsmic ressarch, were exposed to hsave, pitch and roll motions while inhmbiting a closed cab for
periods up to 48 hours. The cab motions were definad using & cowputer simuletion based upon the
enginesring design of s 2,000,000 kg (2200 ton) $ES, and upon parfo ts taken from an
operational 45,000 kg (100 ton) prototyps SES (4,5). Five minutes of simulated dats were ysnersted for
rhree differant SES operating conditions (Table I). In each condition, the heading of the ship with
respect to the wave velocity was 135° (i.s., the waves were approaching the ship from the starboard uow).
During sach exposure, the cab was driven using the simulated data from ona ens state, with the five
minute sagoant of motion baing repsated for the duration of the exposure. Of primary interast in the
study mre the changes in visusl-motor functions, cognitive functions, physiological stress, sleep, and
clinical wadical effacis caused by the motions experieuced by the subjects. Thesa results have besn
reported previously (6,7,8,9). A secondary objective of the invastigatic was the wsasursmant of the
motions of tast subjects' haads, and the corrslation of thosa hesd motions with cad wotion and with
susceptibility to motion sickness. Analysis of the wotion data showo thst pravious vesearch reporting e
relatisnahip betwesn sinusoidsl wotion and incidence of wotion eickness way be extunded to wotions with
complax spectra. It also shows that subjects experiencing nauses exhibit characteristic head motions not
sedn in well subjects. This paper sumssrizes the results of the head motion study.

TABLE I, TEST CONDITIONS

Simulated Avetage Averags
Vessal Speed wind Wave Heights Wave Period
ka/hr (koote) Sea fitate knote (km/hr) mters (feat) wsaconds

150 (80) 3 15 (28) 0.75  (2.5) 4.3

110 (60) 4 18.5 (34) 1.21  (4.0) 3.2

75  (40) 5 21 (39) 1.73 (5.7) 6.0

HOTX: SKS huading with respect to wave valocity was 135%,
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EXPERIMENTAL FROCEDURES

The originul experimental schedule required that 12 voluntaer test subjects be sxposed, in pairs, to
three sepsrate 43 hour test segwents. In each wsegment, two subjects lived in a small (2.5m X 2.5 X
2.5u) cab which moved with heave, pitech, and roll approximating the motion of the center of gravity of a
2200~ton 5ES in one of the three operating environments (Table I). The motions and cabin arrangements
have been fully described previously (4,6).

In the tosis, hiad motion was to be measured every 12 hours using 8 wouth-mounted package of
accelerometers, 1In each msasurement period the subjact was to sit for five minutas facing the bow, sit
for fiva minutas facing to mtarboard, and finally stand for five minutes facing to starbosard. The data
would be recorded on analog tape and selected portions of it later digiticed for cowprehensive snalysis.

As  often happans in expsrimental research, fraquant deviations from tha original schedula ware
required (9)« Tha high incidence of emesis shortoned the exposures for sany subjects, and prevanted soms
from continuing to the more severe conditions. Freguently, complaints of motion sickness symaptoms
shortened or eliminated the msasursments of hsad wotion. Equipmant malfusctions required thit soms tests
be run at other than the prescribed oparating conditions. As a rasult, the data had to be carsfully
raviewed to deturmine how meaningful analysis could be parformed; some of the original cosparisons
plannad weva found co ba {mpossible, but the possibility of other approaches wic oapened for
conyideration., The evantual analysis of hesd motions using the available data includad:

1. Loug-term rapeatibility of a subject's machanical reasponse to different exposures to tlhe same
cab wotions.

2. Differenceés in a subject's response as the length of continuous exposure to motion incrasmsed.

3, Differances in & eubject's rasponss as he approached esesis.

4y Differences in s subject's p for ons exp e to motion ia wiich emasis occurred compared
with a sacond exposure to the same motion in which emasis did not occur.

S+ Comparison of a gubject's response for saach of ths thres body positicos assumad during
uegsurement of hesd motion.

6. Differencas Letwaen subjects undergoing identical cab wotions.

7. Comparison of the same subjact's response for each of the different cab motions (sea states 3,
4, 5).

4. Differsnces 1in a subject's response resulting from atteanuation of the cab's heave acceleration.

Special insttumentation was vcequired fov wsasuring head motion. Each subject was fitted
individually with wspecialized snatomical mounts to sccoamodate six accalarowsters for wsasuring thras
dimansionsl motion of ths head. ‘These mounts and associated straps, harnasses and hooks vequired to hold
them in place were daveloped and fabricatad at the Naval Biodynamics Laboratory (NBDL), foimally MAMRL
Detschasant, and have bsen described previously (10,11). The ilustruseatstion packsages are dasigned to
measurs linear and angular scceleration in three dinsusions. The package consiste of & T-shaped aluainum
plate on which six scceleromsturs sre mounted. The positions and alignmants of the sccelaromsters are
selected, within the geomstrical rastrictions of the packege, to uinimize computationsl errors incurred
during data reduction. The instrumantation package is fastanad to the subject using a stainless steal
bite plate which is custom wolded to fit the subject's upper jaw. This fixture assures accurate and
repeatable positioning of the instrumentation for evary tast.

In order to make valid comparisons of the motiona of diffarent test subjacts, it is necessary to
represent the acceleration data in terss of tha subject's snatomy. Tha hasd coordinste systems are
definad by stereorsdfographic museuremsnts (10,12) wade at NBDL for each test subject prior to his first
exposure to SKS motfon., Briefly, the procadure for defiuing the coordinate systea requiras that u
subject wear, firaly fixed tc the mouth wouat, & duamy instrumentation package containing lead markaxs at
carefully measurad locatious. Lead sarkers are also used to highlight aspucific features of his boumy
anatomy. The test subject is then positioned at the perpendicular intersection of the conas of radiation
froa two x-ray tubcs, and exposures are mads as nesily simultansously us possible. Using a computational
procedure (12) the geomatry relating the location of the instrumentatioun with respsct to the bony snatomy
is deteruinad from the two x-ray imsges. The geowstrical relationships are than used to represent the
weasured acceleration data in & standard coordinste system that is common to ell test subjecte, and whoss
origin and ovientation aru defined with respect to prouinent skeletal landwarks. Thus, differences in
motions observed betwaen test subjects indicate that the subjects ars woving differently, nmot that thare
are mnetely differsuces in instrumentation getups.

Head wmotion was measured with piexoresistive accelerowstars vhich produced differantial output
voltages proportional to the scceleratisas presemt. Each sigual wes emplified by & diffecential
ampliffer, ancoded to an ¥ format using a voltage coutvollsd osciliator (VCO), and recordsd on
instrusentation quality sdaloy wagnetic tape. The tape was transferrad to an MBDL digitizing syotem in
which the M formatted signale were converted back to voltage amplitudes, and than couverted to binary
code using an analog to digitsl convarter. Band-pass of tha aystem was limited to DC to 100 Hx by the
VCOs. Each signal wes ssepled 200 timas/second and tha correspounding digital values written to a
wagnetic tapa suitsble for processing on a UNIVAC 1100 digital computer. The subsequent computetr
aualyuis consisted of scaling the data to engineering units, smoothing the duta using digital filters,
traasforming tha accsieration data to s standard coordinats seystem 1in tha eubjects' anatomies,
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determining tha spsctral content of ths signals uaing fast fourier trausform routines, ani plotting all
dats of intersat in easily understandable formsts. The comparative studies wers parformed using ths
graphic outpnt.

The dsta channels ware calibrated ut the start and end of esch motion exposura by substituting a
nine-levsl precision voltage staircase in place of each sccelercmetar. These calibration signala ware
also digitixed, and used to scale the accelerometer data to engineering units (maters/ascond?).

DATA ANALYSIS N

In & typical experimant, the test subject wre a standardized instrumencation packsge rigidly
fastaned to his upper jaw. Six wminiature 1linear sccelerowsters mounted in the package producad
elsctrical signals which were racorded on anslog tape, digitized, and used to reconstruct the three
dimensional accelsrstion of the head. Processing of the data roquired csreful execution of a number of
related operations, as outlined in Table II. The following wajor funciious were performed.

1. Pre-cxparimant calibration was perforsed using on-site facilities located at NBDL., For the SES
simulations, the following functions were performed.

4, Before thay wers usad in the axperiments each standard acreleromatar pa s was calibrated
at NBDL under computer rontrol, using a spinning rats table to apply precise accefferations to the
package. The resulting acceleromster voltages ware maasured to determine the calibration curve and
direction af the sensitive axis for each accelerometur. Calibration errors wers less than 0.3% of ful)
scale (0.3 w/#2, or 0.03g for the sccaleromsters msasuring data in this paper). The precisw location of
each accalerometar was determined by the manufacturer during assembly of the package. Raferance 11
describes the calibration process more completely.

b. Stersographic x-rays of each subject wars taken to datermine the three—-dimsusional location
of tha diratrusentation package relative to & coordinste systes definad by bony snatowicsl landmarks
visible in the x-rays of aach subject's head.

2. Accurute calibration information, generatad at tha time of the experiment, was required for
aach dats channel, The following steps were required.

4. Bafora and after each saries of experisents, a nine-step ataircese of pracisaly messured
voltage levels was substituted for esch sensor cutput, and recordad on the anslog tape.

b, Aftar the exparimuntas wers complete, the calibration eignaly recordad on tape wers
digitired under computer control.

ce The digiticed staircase signals were convextsd to ths standard NADL data format.

d¢ The relationship betwesn acceleration and tha resulting digitsal oumbsr wee calculated using
the sansor calibration infurmation from stap la, and the staircase calibration From step 2¢.

3. Senoor data were recorded and snalyszed sz follows!

a. Fve wminute intorvale were scheduled during which a subject in the woving cab would wesr
his mouth mounted instrumentation package. The signals produced by each scceleromater wers recorded on
snalog tape. Cab motion was also zracorded using both NBOL instrusentition and signals fros the cab
ssnsing electronics.

b. After the data collection was complete, selected signal dats rucorded on tape wers
digitized under computer control. All channels were ssmpled at 200 points/wecoud for five minutea. The
high saspling rate was salected to avoid folding 60 Hz noise into low fraquency data.

¢v The digitized signal dats were converted to tha standard NBDL format.

d« The data wara filterad, condenssd, and scaled from volts to physical unita, Filtering wee
dons with four cascaded, sscond-ordar, linaar, racursive digitel filters. 'Two ware low-pass filtera with
& cutoff fraquency of $ Hs and & dawping vatio of 0.7. The third wee a high pass filter with a cutoff
frequency at 0.05 He, The fourth was s notech filtar at 1.960 He, designed to remove the respouss to a
structursl resonance of the moticn simulution system: Data for each channel were comprassed from 200
pointe/second to 4C pointe/wecond after baing filtarcd. The scaling information determined in atep 2d
vas used to convert the data to physical uaits (e.g., w/sd),

. The data messured by tha mouth-mounted accelaromster packaye wers processed to determine
the wotion of the eubject's hesad, specified in the etandsrd coordinate system dafined by esch subject's
anatonical landwaris. The origin of the coordinate system was tha center of the line connecting the ears
(left and right auditory wsatuses). ‘The X-axis projected forward chrough tha point widway between the
eyed (left and vight infraorbital notchas); the Y-axis projected through tha left esr; and tha Z-axis
axtended upward, mutuslly perpsudiculer to the X sud Y axes. Considerable affort was spent evaluating
signal processing aslgorithme which conld separste augular acceleration information frow sigral noise.
Nons v::; :tzu;ccutui. primarily bscauss head sngular accelsrations were #o emall {(gencraily less than
four rad/sevt),

f. The time series data Zor the head linear sccelerations and tha cab wmotlons were plotted in
s eotxip chart formwat.
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g+ A fourfer transformation was calculasted for 2048 points from each ssusor. A cosine taper
was ussed to smooth the first and last 10 parcant of the data to reduce the errore =aused by wraparound
discontinuities. .

he The apectral aaplitudes were plotted in the format of tha figures shown in this paper.
Both the amplitude and fraquency scales are linsar. Plot scales wera selscted for aach varisble which
would provide the greatest resolution for a particular ses state condition. Spectral amplitudes, rathar
than powsr spectral densities, were plotted. To convert data in this paper to the squivalent power
spactral density, the amplitude value plotted should be squared, and divided by 0.0125 Hx.

RESULTS

Tha experimental deeign called for .« svaluation of hussn rasponse to wotion eimulating the SES
opersting condi{tions summarized in Tabie I. The spsctral content of tha cab vertical heave, angular
pitch, and angular xoll motions measured for sea states 3, 4, and 5, respactivsly, are shown {n Figures
la, b, and c. As the conditions progressed Irom sea state 3 to sas state 5, the aaplitude of the
spectral peaks increassd very wodastly (note the change in plot acales), but the pesks ehifted
significantly to lower frequencies ss the wave eacountar rate decragesd.

HcCauley and Kennady (13) reported maximum incidence of wotion sickusas centered st frequencies of
0.16 Hs for seinusoldsl hecve wotion. Figure la shows negligibla wotion at 0.16 s for sea stata 3;
Figure 1b shows considerable motion at 0.16 Hs about the pitch axis for ses stats 4; and Yigure lc shows
substantial haave, pitch and roll motion at 0.16 He for ssa state 5. The incidenca of asssis was
sxanined to determine 1f McCauley and Kennedy's findings wmay have application to the complex spectre
presant in Figures ls, b, and o,

Incidence of EKnesis

Thirtsen subjects experienced at least one spieode of smesis during a collective total of 79
sxposures to simulated ship motion. 1In some cases, pitch and roll motionus were not praesent, heave
wotions wars attenuated, or the expariwent wes stoppad early fur squipment repatr. However, ssch of tha
79 exposures could he classified by matching the spactral content of the cab heave wmotion with Figurse
1a, b, ot ¢« The parcentaye of exposures resulting in emasis was calculsted. As susmarized in Table
111, the collactive incidence of emesis for thase subjects was 17X for sas state 3, 50% for saa state 4,
and 64X for sea state 5. Five of the thirtean subjects who vomited during sea state J or 4 conditions
di¢ not participste in a saa state 5 run, possidly bissing the 64X incidencs of emssie for sea wetate 5
towird the low eide. Thass results provide very convincing, if heuristic, support for tha hypothesis
that, even for complex motions, spuctral componsnts near 0.16 Hs dramatically increass tha incidance of
wotion sickness.
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TABLE III
INCIDENCE OF EMESIS GROUPED BY SEA STATH CONDITIONS

Exposures
Total Resulting Incidance of
Saa State Exposures in Ewesis Enssis
3 23 & 17%
4 22 11 50X
5 14 9 64%

Heud Motion Measurvessnts

The original experimental design included provisions for analysing the mechaniems of wation
sickuess., Mouth-mounted instrumentation waa provided for weasuring the three-dimensionsl wstion of a
subject's head while in the wmoving cab. The protocol called for msssuriag sach subject's head motion for
five winutes while ssated facing the bow, while saated facing astarboard, and while standing facing
starboard, Tho wessurssents wete to be repested up to four times for each exposure to motion.

A raview of the instrusentation and mssdical loge showad that 322 S-minute segments of head wmotion
were recorded. Howover, instead of thres wotion counditions (wea states 3, 4, and 3), squipment
malfunctions resulted in the addition of eix alternate wmotion environments, including combinatiouns of
attenuated heave accelurations and elimination of pitch and roll motion. Turthar exsmination of tha
instrumentation and wadical logs showed that test subjects experieucing di fort or frequantly
requasted that the head wotion measurements, which required placing a stesl bite plate in their wouth, be
caucelled: As a result, wost of the head wotion data was collected from subjects who ware not fesling

sick, and the fev woaguremsnts from subjects approaching emesis could not always be cimpared directly
with a large group of other subjscts.

Bassline Raspunwe (Subject 43)

Subject 43 was weelacied as a baseline subject. He participated in 12 separate tests with wo veports of

nausaa and no esesis, and appaared to be a consistent parformer throughout tha program. Unique haad .

motion related to wotfon sickusss, or to susceptibility to wotion weicknaas, probably would not ba
obsurved 1o Subject 43, The following excarpts from the rua log are reparted to help tha readar

understand the dats in the context of the expariment (times are noted using the 2é4-hour clock
convention).

29 August

2100 Pra-run exsmination Subject 43: weight 141 1lbs; temperature 98.4°F; pulse rste 76; blood
prassurs 118/68. No unusual activity or excessive stimulation. Coordination okay, woad good,

Note: Two other subjects aleo participsted in the test. Subject 50 initisally accompantad

subject 43 in the cab.

Subject 48 was on-site in a standby status, and later replaced subject

50 in the cab.

22561 Motion started.

2326: Motion stopped. One hydraulic drive pump developed besring noise, and is turned off.

23421 Motion restarted with no 'roll or pitch motion, heave accaleration attesnuated to 0.l9g rma.
30_August

00241 Subject 50 reports nausea for the past 10~15 minutes.

00321 Subject 50 vesting on table, head in hauds.

00351 Subject 50 reading bag, not watching radar.

0040: 'wbjact S0 sppears to ba retching? No, just holding bag at ready.

00501 ﬂ:hi;:s 50 asks to be releasad, about to vomit. Cannot look at tusk, and “everything opinning
axo .

0052t At test diractor's dircetion, stop was wmede by Subjoct 350 using abort switch in wmoviug cab.
Subject 50 exits.

0058 Subject 50 exprassed and fulfilled a naed to self-induce vomiting.

0123: Subject 48 placed iun cab ey replacement for comtinustion of run. Subject 43 is still arlaeep.

0i31:  Motion restarted. Subject 43 aslesp.

0138 Subject 48 repoxts stomach sserensss.

B4
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0206 Subject 48 vouits.
0208: Subject 48 reports severe nausea.
0210: Subject 4B retches again.
02171 Subject 48 requests release.
0220: Motion stops. Subject 48 exists. Subject 43 sslesp.
0231: Motion restarted. OGSubject 43 alone for remainder of test.
0835: Motion stopped for unknown reasons. Subject 43 unaffected, and performing routinsly.

08432 Subject 43 relessed from cab peading investigation of motion failure. Subject 43 rveports stromg
vertical phantom motion, but nwo rotation. Mood good, general condition good.

09303 Subject 43 feeling normal.
1023 Motion restarted with Subject 43 alone.

1102: Subject 43 saated, facing bow; head acceleration recorded.
1112 Subject 43 seated, facing starboard; hoad accelerstion recorded.
1118: Subjact 43 standing, facing starboard; head accelaration recorded.

2100: Subjact %) seated, facing bow; head acceleration recorded. )
2106 Subject 43 seated, facing starboard; head accelsration reccvded.
2111 Subject 43 standing, facing starboard; head scceleration secorded.

31 August

09363 flubject 43 seated, facing bow; head acceleratiom rxecorded.
0942: Subject 43 seated, facing s"arhoard; haad acceleration recorded.
09471 Subject 43 standing, facing starboard; head accelsration recorded.

21008¢ Subject 43 seated, facing bow; head acceleration recorded.
2113: Subject 43 ed, facing starboard; haad acceleration racorded.
2119: Subject 43 standing, facing starboard; head acceleration racorded.

2124 End of wotion.

2130 Post-run examination, Subject 43: weight 146 Llbs (5 1bs gained during run); temperature not
taken; pulse rate 60} blood pressure 132/7B. Subject 43 clep: and ate wall and fsels fins
axcapt for the feeling that he is “going up and down™, :

Sea state 5 wotion was simulated {u the above axpeximent, with pitch and roll velocitiws est to
sero, and the hesave acceleration aftenusted to 0.i19g rms. Coaparing the heavé spectrum for the test,
shown in Mgure 4, with the heave spectrum for the standsxd ses state 3 condition, ahownm in Figure 1e,
confirms that tha two spectra are similar except for the smplitude attenuation. Figures 2a, b .J“ c show
the spactral components of the linear scceleration along the subject’s head X, Y and Z axes, respec:
tively, sampled at various times while the subject was in & seated position, Necause no pitch or roll
motion is present in tha cab, the hasd X and Y sccelerations are relatively sssll. The spectral pesks
which occur in the X direction (Figure 2a) correspond to the peaks in tha csb heave accelevation (Pigure
4)s ‘The larger pasks sesn in the weasurements wmada at 12 hours indicats the subject's hesad was not
level, and ths acceleromaters weze ssnsing a component of heave scceleration along the X axis of the
head. The wotion measursments made at 12 hours occurred approximately 30 minutes after a 2 1/2 hour
interruption of wotion for equipwant repair, and msy indicate the subject is bacoming reacclimated to
motion, Ths soated subject's sccaleration aloug the hwad Z axie (Figure 2¢) was similar to the cab heave
accelecation (Figure 4).

Siwilar results wers observed for the wsubject iz the standing position. Accelerations along the
head X axie (Figure 3a) still appssred to be a result of the head not baing level. 4As the run
progressed, the asplitude of responss along the X axis diminished, suggesting thut scme adaptetion may
have tshen place for tha subject in tha standing position. Accelerstivus along the Y axie (Pigure 4b)
wets very susll, acd along tho Z sxis (Pigure Jc) were similar to tha ceb heave accelerstivca (Figure 4).

Analysis of the dats wessursd duviug this rue shows uo surprises, and can ba expleined in terms of
the cab motion. ‘There appeirs to be 1little, if any, adaptation to wotiom which influances the head
responsd, Adsption, if pressnt, is limited to the angle at which the subject holde lias Lead velative to
the heave wotioa.

Rffects of Nause¢al Bubject 39

Subjsct 59 wes expossd to a wodified ssa ststs 4 motion in which the hesve accalaration swsplitude of
the cab wms attenusted ta O.19g ras., Tha spsctral amplitudes of the cab wotion, shown in TFigure 7,
indicate the measured roll welocity was almost sexo. ‘The probles was not documsuted, but the suspected
cause in instrumeutation arror. Mo other indicatlous of sero pitch and roll motion were found.
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The motion of the subjact's heud was measi=ed twice; once
and again 5 hours latezs During the second set of seasuvesants, the eubject espucienced wAuses,
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Figura 10. Cab wotion or Figures 8s, b aud
9, by rs

14 mioutey aftey the cab motion started,

peruitting within-subject comparidons to determine 1f head wotiun ey be iltarad whe: nausss 1is pragent.
the subject completed the antire iun without vomiting.

The response of the seatud subject, facing the bow, without nauses is shiown in Figure Sa, and with
nauses in dHgure 5b.  The woat  siguificon’. differance in the two measurdwants is the increased motion
below (.2 Y in the X und ¥ directions vheil nausea waw prassit. In a sscond comparissn, the responss of
the stunding suvject, facing sturbosrd, without nauses is ghowm in Figure 6a, and two consscutive poriods
with nauses in Figures 6b und n.  Vary clearly, the motioa below 0.2 s incressey along the Y axis wien
nsuses 1is present,

Yor thiu subject, the presence of nausss is accompanied by incroased motion balow 0.2 Hx along tha
head Y, md poseibly -, axes, aven though the motion of the cab ressins unchanged. Additionally, the
frequenciss 1involvad are the suss ay thoss identified by MoCuuley and Xennady (13) as producing the
highest incidencs of wotion wickunuas.
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Effacts of Nauseni Subiaot 52

Bubject 52 vas exposed to & wdifiad ess state 3 motion in which the heave sccelsration of the cab
was sttenuated 20X. The spectral amplitudes of the cab wotion, stown in Figure 10, indicate considarable
unwanted rol), mation balow 0.2 Hz for the cab., The cause of the problem is unkpown, but it did wot ocour

in later teats. Subjmct 52 reported periodic developing ususes throughout the run, attributed to lack of
sdequate ventilation, poor tasting water, snd confinement. During the teat, his partuwar 1a the cab
vomited ten times. Subject 52 definitely fult he ate and drank less than norsul, Tha wotion of the
subject's haad was messured twice; ounce l4 minutes after cab motion ctarted, and again 23 hours later.
At both timos the subject reported that burning hsudd paiuns developed beneuth tlle head wmount on the right
side, then spresd throughout tha sres of tius mount. lpon tightening <he wount straps, a shacp pain
devaloped in thes corner of tha right upper 4incisor which lasted sevarsl miviutes. Subject 52 requested
cavcellation of the leet haad motion weasurement (standing position) snd tersination of the run bucause
of wevers burning head pain and developing nausea. After the etraps wers loossued, the hesd pain and
navees disappsarsd, and he was able to remove the wouu: ssseably as relisarsed. Upon removal from the
cab, ha had no dizsiness or other problems. Within several minutes ha developed a sense of uxtreme
hesviness of lege, body and arms, but denied fealing light leadeduess, dirsiness, numbness or tingling.
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The wotion of the subject's head at the wtart of the run (Figure B8a) was compared with his motion
immediately prior to termination of the wvun (Figura B8b). During both mesurementa, the subjact wase
seated, facing toward the bow., There are substantial compouents of acceleration below 0.2 Hz along the Y
axis when nauges {s presant (Figures 8b) which wara not presant in the earlier motion (Figure 8a). The
change in hesd mution when naussa is present is similar to that previously cbuserved for Subject 59 under
different motion conditions.

Oneet of Emegia: Subjact 47

Subjact 47 was exposed to the susio modified wea state 3 motion praviously described for Subjact 52.
The spectral amplitude of the cab wotion is shown in Figure 10.

The head motion measurcmants began 57 minutes after the atart of cab wmotion. The first head
reaponss, 19 minutes before emesis, (subject in a seated position, faclng the bow), shown in Figure 9a,
axhibits a slight increase in low frequency amplitudes in the head Y acceleration. ‘Tha lwad response 12
minutes befare emesis (subject 4in a seated position, facing etarboard) contains still larger low
frequency smpiitudes as shown in Figure 9b. After measursment in the firsat two positions was complate,
the subject began fealing warm. Cab temperatura was 77.8° F. Finally, tha head rssponse one winute
before emasis (subject in standing position, facing the bow), shown in Figura 9¢c, was predominatsly ‘ow
fraquency motion in tha Y sxis. One winute after ths last measurement was complete, the gsubject vomited
on the floor. Subject 47 contiviued with the run for an additional 22 hours, and exparienced nins worae
apisodes of vomiting, Heaud mwotion messuremants for the following day were cancelled by the madical
wonitor.

Data from Subject 47 demonstrate very dramatically the progressive incresse in law frequency lateral
wotion that accompanies the prograssion nf nauses to anasis. The wotion along the ¥ axis of the head i
charscteristic of all three subjects vho reported nauses while hesd wotion was baing recovded.

Comparison of & Subjects

Four subjects, for whom head wotion was recorded, were exposed to the standard sea state 5 motion
(Flgure 12), Subject 59 vomited thrae minutes after head motion was measured. BSubject 60 vomitad during
a differant exposure to ses state 5. Subjucte 51 and 43 did not exparisnce emesis during the satire
prugras, The motionm of the four subjects were compared to datermine if distinguishing characteristics
could ba identified which may be used to predict sumceptidvility to wotion sickness. DNons were found.

More wurprisingly, tha charscteristic low frequency couporents of Y scceleratior praviously observed
during nauses wers not praasent for Lubject 59 just prior to emssis, while he was in a standing position,
fucing sterboard (Pigure 1la)., The characteriwtic head motion was ssen in the seated position weveral
minutes earlisr (not shown), and in a previous run involving Bubject 59 4in both ssated and standing
positions (¥igures 5b, 6b). No explanation for the abssnce of low fraquency lateral head motion was
Cound, Subject 59 veportud that the wouth mount which he had basn wearing for 13.5 winutes bafora
vouiting, caused the sickonsss, not the wotion.

Haad motiors for Subjects 60, 51 and 43 (shown in Figures 1llb, ¢ and d, raspectively) stending,
facing starboard, were puzsling. Hesd X and Y sccelerationa for all thras subjacts showed sasll, but
weasurable, low frequency components (near 0.1 He) which ware not prasent in the cab motion (Figurs 12).
‘The machanism which produced the low frequency motion 1is unknown.

CONCLUSTONS

The relstionships butwsen wmoving environuwsnts with complex wmotion wepactrs below 1 He, tha
threa~dimengjonal motion of a subject's head, and the presence of naussa were exaained. Unfortunately,
wufficlent information for determining causa and effect rvelationships 4s not asvailgble. Pirst, the
histoty of the aevolution of hesd motion from & normal to & nauseated etate Is not known sinne
oeasuraments were made only during widely separated intervals, primarily because of the discomfort caused
by tha instrusantation. Second, the hesd angular asccelerations, which ware emsll but possibly
significant, could not be determined from the data recovdud. Third, positisn and orientation of the
haad, which are uot completaly defined by scceleration, could not be determined. Finally, at the time of
the axpariment, 4t was not koown that the characteristics of tha head wmotion weva changing, and no
apacial attention was given to documanting the subjsct's awarensss of motion discomfort. Nonetheless,
the following iwportant conclusions srs wadet

1. OLsexvativne 1indicate that the incidenca of ssesis incresess as the swplitude of the spectral
components near 0.16 Hr increwses for complex spactra.

2. Observations indicate that nauses dus to wotion sickuess is usually, although not always,
panied by incrassed latersl acceleration af the hesd with & spsctral content less than 0.2 Bs. The
wechenisn which causas this is not knowa.

3, Instrusentstion used to wessura head motion contributed to nausea. Tustrussntation uot mounted
in the wouth would bs more acceptable to test subjects, and could probably collmct wore.data with less
inconvenisnce,

4., Angular accelarations of the hesd ware extresaly ewsll, and qould not be measured with the
instrusentation used.

S« BRelationships batwean motion and moticn wicknass cau ba determinad much mors effuctively if the
wotion data are collected, anslysed and reported while tha experiment is in progress. The low data rates
involvad wake real-tima analysis feasibls with state-of-the-art «quipment now svailable.
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The experimental results reported in this and related papers demonstrate the utility of studying the
effects of motion on people in a controlled laboratory anvironment with rapeatable motion conditione. It
is expected thet the methodologies daveloped for the SES simulation may readily be extsnded to other ship
motion problems. Exsmples includet

l. NMotions which are known to cause a problem on ships can be repronduced with the simulater. The
épectral contant of the motion can be mndified to determine which components of complex motion are the
principal cause of the problam, and sensitivity to small changes in ssplitude and fraquency of specific
spectral componeuts may be studied.

2, The effact of woving a workstation from ona location to another in a aship can be studied by
waking the appropriate modification to the simulator motion.

3. Human response to motion of naw whip dasigns can be evaluated by using the predicted wotion to
control the motion simulator.

4. Performance maasuring equipment can Ls evaluated bafore it is taken out to sea.

f

5. Contours which relate frequency, amplitude and exposure time to performance can bs determined
for use as guidelines for ship design enginesrs.

6, Criteria which relate ship wotion to crew performance ard disruption of shipbomrd activity can
bs developed as guidelines for ahip operations.

7. Habituation to spescific motions can ba evaluated.

8, Effects of anti-motion sickness measures can be evaluated.

9. Fatigus from specific motions csn be evaluated.
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RAECUSHTON

OMAN: 1) Have you tried to quantitativaly svalusts O'Hanlom snd MNcCauley's simple frequency wmodel
against your dats, or is your cbservation that as the low frequency spectral peak decreases (with in-
creasiug sea state), Sea wickness incresssd as per McOauley a qualitative guass? 2) Are your findings
re head accaleratiou: =-apparent “adaptation" of ssyaptomatic subject over 25 hours in Y axis sccel-
eration - increasad low frequency Y axils acceleration when othar subjects becowe sick suggestive that
asyuptomatic subjects work to keap their head vertical, and don't care about it as thay gat sick, and
asyuptomatic subjects scquire “sea legs™

ANDERBON: Tha data reported 2epresents only thres diifereut motions, mach with relatively few
sample poicts. No attempt was mada to determine an algorithm for combiming multiple, low-frequency
components to predic’ moticn sickness. However, the presance of two spsctral components in ses stats
5 is correluted with inorssued incidence of motion sickness. Sea states 3 and 4 ars both complex wmo-
tions, but esch has only ona major spectral componsnt balow 0.4 Hx. The incidence of wotion sickuess
pradicted by the Hanlon/McCauley model agrees with the wickaess obssrved for sea states 3 and 4.
Although the lateral head motion appears to be consistent with other stimuli which produce motion
sickness, it was not mnticlpated in a pradominantly heave environment. Consequeatly, we did uot col-
lect any information which would define wechanisms that produced the motion, Yor future work we are
devaloping a computer~based systes to collect and analyxe duta whila the experiment is in progress.
As a subject response changes ha/she may be obsarved on c¢losed circuit IV, or may be quaried vis an
intarcosm to the cab, and we asaticipste having & vary sdeptive and f£loxible test enviromment in which
unexpected relstionships can ba identified and studied very rapidly.

VO¥ GLERKE: Where was the center of votation for the cab motions? Doss the incresse in hesd
Y-wotiona indicate a decresse in the body's compensstion for the forced oscillations?

ANDERSONS Cab woticns wers measursd on the heavs, pitch snd voll control eiveuite; on the
heava, pitch and roll asswsblies; and on & work table in the cab. Heave wotions at the three loca-
tions agreed, Pitch and roll measured ait the table had largs errors snd gould not ba used for an-
alysis., Oantar of rotstion was about 18 lnches banuath the floor at the cgb., Causs of the incressed
y-wotious of the head is an unanswerad question. However, whather the subject faced forwazd or star-
board sesmed to have no effact on the hmad motion, suggesting thn lateral hesd wotion was not closely
coupled with the augular motion of the cab,
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A DOUBLE BLIND COMPARATIVE TRIAL OF POWDERED GINGER ROOY,
HYQSINE HYDROBROMIDE, AND CINNARIZINE IN THE PROFHYLAXIS
OF MOTION SICKNESS INDUCED BY CROSS COUPLED STIMULATION
by
J.R.R. Stott
M,P. Hubble +
M.B. Spencar
RAF Institute cf Aviation Madicine,
Farnborough, Hampshire U.K. GUl4 6SZ,

+ Prasent address: No 3 RAAF Hospital, RAAF Base,
Richmond, New SBouth Wales 2755,

SUMMARY

A double blind laboratory trial was conducted to study the relative affectiveunsss of powdered ginger
root (1G), hyoscine (0.6 mg), cinnarizina (15 mg) and a placebo in increasing the tolerance of subjects to
the developmant of motion sicknecs sysptoms induced by cross ~oupled stimulation. Tests ware carvied out
at weekly intervals on sixteen subjacts two hours after taking each drug. In order to assess the stffect
of each drug on performitce, a range ¢f tests was carried out in the period between ninety minutes and two
hours after taking the drug.

The study confirmed the effectivenass of hyoscine {a dalaying the onset of motion sickness symptous
and showed cinnarizine to be similarly effective, Howaver it failed to substantiate u pravious raport
that powdarad root giuger is of valua in the prophylaxis of motion sickness. Significant differences in
the results of pevformance tents were found only after the sdministration of hyoscine, which produced a
small decresse in subjective alertnuss and a reduction in the velocity of saccadic syu movements.

INTRODUGTION

Drugs that are of value in the prophylaxis of motion sickness belong to a varisty of pharmacological
groups, Anticholinergic drugs (hyoscine, atropina), unti-histaminics (promathazine, cyclizine, cinaari-
zine) and sympathomimatics (amphetamine, ephedrine) have all been shown to ba sffective in dalaying the
ouset or praventing the occurrsnce of motion sickness (1,2). All these druge exert their affect princi-
pally through their action on the central narvous system and may, in conssquence, show side effects that
limit their usefulness. Indeod, a pharmmcological action on the central nervous Jystem may well be an
essantial requiremsnt of any drug which is to be active aguinst the full syndroma of motion illness.

A xeceut paper by Mowray and Clayson (3) which raports a prophylactic effect on tha development of
motion sickuess following the administration of powdered ginger root is of particulsr interest. Powderad
root ginger is not known to have any action on the central nervous system. It contaius a number of aro-
patic oile, zingiberene, gingerol and terpune darivatives, whose pharmacological actions are those of a
carminative (4)¢ They act directly on tha gut to relax the csrdiac sphinmcter and possibly to promote on-
ward mavement of the gut contents.

Sume therapestic benafit of cinnaririns in a single dose of 150 wg wis noted in a comparative trial
of sixtesn drug combinations by Wood amd Grsybial in 1968 (1) but its effact was small ccmpared with hyo-
scine or promathazine. Its valus in sessickness was demonstrated duving rea~going trials by Hargreaves
(5) at a lower dose level of 15 mg t.d.s. It has in recent years guined wide scceptance in tha prophylaxis
of seasickness on account of having & long duration of sctiou and & lowur incidence of drowsinaes as com~
parad with hyoscine and with othar anti~histamines. Howevar no other laboratory trial «f the anti -motion
sickness properties of cinnarizfas at currently recommended doss levelu has been carried out.

There it ample experimental evidence for the effsctivensss of hyoscine in motion eickuess prophylaxis
(reviewed in 2). It was iucluded in tha present trial as a standard against which to compare both tliera=
peutic effectivensss and the incidence of side affacts,

METHOD

Sixteen fit male voluntsers took paxt in the trial. In order to assess their suscaptibility to mwtion
sickaess, subjects on antry to the trial completed the Reason motion eickusss questionnaire (6). HNo selac-
tion of subjects was made on the basis of motion sickness susceptibiiity. However, oua subject was replaced
in ths trial becausa the praliminary test failed to produce any symptoms of motion sickness, The sixteen
subjects had a wmaan age of 23.4 yre (rangs 20-44), and the motion sicknass questionnaive indicated suscap-
tibilitias ranging from the 2nd to the 93rd percentiles,

Tha Motion Stimilus. Motion sickaees symptoms were induced by cross-coupled ( v-iulis) stimslation of the
saml~circular canals (7)., Subjects vars ceated in an enclosed cab mounted on a horisuntal turntable. The
anb was {oternally illuminstad snd allowed its cccupant mo view of the outside world. Tha subjsct was
raquired to make head wovemants either forward or backward {m pitch or to the left and right in roll through
an angle of 45 degrecs from iha vertical, the limiting positious being detarmined by head rests wounted
within ths cab. The subjuct folluwed a pre~racorded ssquence of lunstructions which wsked him to maks & haad
Bovement avary thres seconds to or from sach head position iu u%donind order, esch sequance lasting for 30
seconds. The tuintable was accelarated st a rate of 0.1 deg/emc? for 15 win, After this tima the angular
valocity, which had reachad 90 deg/sac, was hald constant for a further 5 min.
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Following each head movement sequence, the subject was asked to rate his eymproms. The rating system
ueed was a seven point scale, in which a rating of one indicated no symptoms of mwotion sickness, and a
rating of saven indicuted the levael of mution eickness symptoms at which he wanted the motion stopped.
The intermediate points on the scala wera allocated as the subjsct saw fit. Tha run was stopped eithar
whan the subject reached a symptom rating of seven or at the end of twenty minutes.

One week before starting the triul proper each subject was given experiencs of the wotion stimulus
profile, Heo was thua able to practice rating his motion sickness symptoms and to find a lavel of sywptoms,
that fell short of frank vomiting, to which he would be willing to progress in the subsaquent four test
runs, e was also urged to withdraw from the trial at this point if %s had wny doubt ubout completing the
rowsining four test sessions. In the svent, none did so and all 16 subjects completed the trial.

Two hours before the start of the test, subjecta took one of the iollowingt 0.6 mg hyoscina hydrobro-~
wide, 15 mg cinnarizine, 1 g powdered ginger root, 1 g lactose (placebo). The drug wus contsained in two
gelatine capsules. All capsules ware made identicali in appearance by the inclusion of lactose and small
quantities of caramel and cocoa colouring. Thes order of administration of the drugs was randowised using
non-repeating 4 x 4 latin squares. Neither the subject nor the expsrimenter knew which drug had been taken
on any particular occasion.

In order to avoid variations due to possible effects of clrcadian rhythm on performanca, and to reduce
the posslbility of adaptation to the motion stimulus, sach subject was tested at the same time of day at
intervale of 7 days over a four week pariod.

Saccada Muasurement

The subject, seated in the dark, faced & black screen which carried a horirzontal row of nine red light
emitting diodes (LiDs). The central LED was situstad at eye level two wetres in front of the subject, and
the LEDs on eithaer side subtended 5, 10, 15 and 20 degrees to left and right, Eye movemants were recorded
electro~oculographically, Heud movemen: was restricted by means of a bite bar. Tha subject was instructad
to gaze steadily at the centre light ind to shift his gaze ax rapidly as possible to whichever peripheral
light appearsd. Under microcomputer control (HP 85) the central LED was illuminated for a period which
varied randomly between 3 and 6 ssconds, after which time one of the peripheral LEDs appsared. This event
simultanscusly initiatod analogue to digitui conversion of the electro-oculogrsphic (EOG) signal for the
following one second period at a rate of 500 sumplas/second. A total of 40 saccades werc stoved on disc
for subsequent analysis,

Computer arnlysis of each saccade datarmined {ts velocity from the elope of a straight line fitted to
the saccadic portion of the EOG record betwasn 10% and 65% of its total amplituda. The anslysis slso weas-
ured saccade latency - the timo from the appsarance of the peripharal light to tha start of the sarcade,
and saccade deficlemcy = the axtent to which the primary saccads fell short of the desired amplitude of ays
movemant. The EOG vecord for each saccade was plotted, overlaid by the idealised saccade as derivad by the
computer. Those smccades in which the couwputer algorithm had falled ware excluded frou further analysis.
Average valuss for saccade valocity, latency and primary saccade daficiency were computad for the 39, 109,
159 and 20° deflections, left deflections and right deflections baing considered together.

Subjective and Objective Medasuren of Psychological and Physiological Function

The following peycho-physlological performance tests, selected on the basis of their likely sensitivity
to the affect of the drug on the CNS, were carriod out between 90 minutes aud 2 houre aftar taking each
drug.

Subjective Estimation of Alertness, The subjoct was asked to meke & mark on & line 100 ma in length at a
polnt to the left of centre if he falt more drowsy than normsl and to the right if more alert.

Ocular A lation, Near point was meusured for aach eye separately, using the RAP Near Point Rule.
This conslsted of & card bearing letters in N5 type wounted on a rule. One end of the rule was positionad
undsr the subject's eye and ths cerd wes movad slowly towards the subject until he reported that the print
appesared blurred, The distance of the card from the eye was read from the scale, The nesr point for each
eys was noted, and tha mean of the two weasursmsnts calculated.

Missing Digit Test. The task utilised an Apple II computer which presented sequentially upon the wcreen a
nﬂoi&y ordersd series of nine of the ten digits 0-9, ut & rate of one par sscond, followed by an audibls
tona. The subject was required to identify the missuing digit in the serias, and to respoud by depressing
the appropriate key on a numerical key pad. The percentage of correct rasponses in twenty trials was cow-
puted, s well us the average response time for the correct respousas.

Critical Flicker Frequency. The flicker fusion frequency was msaswrsd using s portsble Flicker Fusion Test
HMater (Casdav Ltd). Lt consisted of & closed wetsl tube 20 ow long, having au eyepisce at oue end snd an
orange light emitiing diode at tha other., The subjact was instructed to look with his right eye at the
slowly flickeriug light, The rate of flicker was gradually incressed until the subject reported that the
light no longer appesred to flicker. The rate of flicker was fucreussd beyoud this point, and cthen slowly
decreased until the subject reported that hs could discern flickering. This sequence was repeatad five
times, thus obtaining ten estimstions of the flicker fusion frequency. The wesn aud standard deviation of
theve readings wers calculated and noted.

The Digit quol Substitution Test. The subject was givan & sheet of psper on which were 200 digits
arcangsd {u towe. At the top of the page was a kay which assigned & symbol to sach digit. The subject
vas raquired to use the key in order to write the appropriate symbol below as wmany digits as he could in
tvo mwinutes. The subject's score was the average number of correct substitutions in two such trials,
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In order to minimise learning effects during the test runs, each subject was given aleven practica
seusions in which he carried out the varicus performsnce tests, The fiual practice session included, in
addition to the performince tests, measuremsnt of saccade velocity and exposurs to the cross—coupled
stimulus test profile.

RESULTS

Prophylaxis of Motion Sickness

Statisticsl analysis was based on the time taksu for the subjects to reach a symptom scors of 7 on
every trial, analysis was based on tho time taken to resch tha highest symptom score that was achieved on
all 4 runs., TFollowing this procedure, & score uf 7 was ussd for 11 subjaects, 5 for 1 subject, and 4 and 3
for 2 subjects each, An analysis of variance was used to tust for difference batween druy trsstments., A
breakdown of the order effect revealed that it was lioesr apd rapresented an improvement in time of 1.0
minutes from the first ta the fourth rum, :

The treatment means of individual subject times corrected for order were corpared using the Newman-
Keuls shrinking range test, This indicated that hyoscine was worg effective than the otler treatments in
delaying the symptoms of motion sickness (p<.0l) and that bLoth ginger and cinnarigine wers better than
placebo (.01<p<.05), Howevar thers was a difficulty in accepting this anslysis., 7The corrsction for orvdaer
did not appear to have adequately rupraseuted the order effect on all subjects. Indeed it might ba
unreasonable to expect a consistent ordex sffect when the acores wers subjective and differed from subject
to subject. Accordingly, analysis of covariance was used to correct for a diffevential linear (by subject)
order effsct, The results ere sumoarized in Table 1. This analysls showed that hyoscine was still better
than the other thrae treatmenta (p<,.Cl), that cinnarizine was better than both the other two (.01<p<,05),
but there was now no significant differance betwean ginger snd placebo. Thus, the correction for differen-
tial o:dn:. had completaly remavad the significant difference between ginger snd placebo in the original
analysis,

TABLE 1
GINGER | CINNARIZINE | HYOSCINE
PLACEBO | ™y 13 ug 0.6 ng
Time to final ayoptom rating (wins)
- corrected for individual order 11.09 10,96 12.41% 14,320%
effect
Saccade valocity (deg/s) 303.5 299.6 298.9 284.8%
Subjective alertness (0-10)
=~ batore motion 5.1 4,99 4,98 b 51%
- after motion 4,21 4,37 4.87 4.09
Near point (em) 16.34 17.31 16.75 17.81
Miesing digit task
- % error 23,75 25.31 24,69 24,38
= Respoass tica (s) 1.35 1.35 1.32 1.32 .
Cricical flicker frequency (ix) 34,24 34,65 34,00 33,89
Digit symbol subatitution 87.03 86,63 87,31 86,44

“ P<0.05 *4 F<0,01

This analysis appstred more reasonable than the first: the sffects of hyoscine and cinnarizine were
unchanged, whila the affect of ginger, which relied to soms extent onm two subjects, both of whow had ginger
on thefr final trial and plscebo on taeir first or secoud, was lost, Unfortunstely, thres othar subjects
who pacformed wall with gfnnr in spita of taking 1¢ on an early trial were found by this analysis to be
associsted with sa order effect that rupresented & deterioration iu performance with time, It is allightly
unsatisfactory that an effect should be lost vo covplately in this way, but it reflects the won~
orthogonality of diffarential order with the treatments. Even cu the original analysis, however, omly 11
of the 16 subjects perforsad better with gingsr than with placebo, this figure reducing to 8 on tha wecomd
analysis, This cowpares with 12 for cimniriziua om both aualyses and ail 16 for hyoscine, also on buth
acalyses.

The conclusion, therefora, is that hyoscina had a banelicisl effect in increasing subjects' tolerance
to motion sickness inducl by cross-coupled stimulation, and cinpurisine a wmaller baneficial effect,
vhersas gingsr was wot distinguishable from the placebo.

Bubjective and Objective Measuras of Performance

Qculax Sacoadas, ‘The data snalysed ware mwan saccadic velocity, mean latency and mesn saccude
deticTency Tor four different angles of aye sovement, A multivariate apalysis of varisnce was spplisd o
asch messure, the four angles belag treated as separate variablas.
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In the sanalysis of saccadic velocity the valuas obtained for 5 deg maccadss were omitted as thuy wore
significantly more variable than those at the other thres angles. The rasults for the remuining three
angles were meanad. Analysis of verisnce revealed s small order effect, but there was no evidence of &
differential order effact of the typa observed in the motion sickness analyeis, Ths larger trsatment
effect was entirely explained by the low wean velocity with hyoscine which was laas than both placebo
(p<.0l) and the other two tresatments (both .0l<p<,05). All comparisons betwaen mesns wers made, as before,
using the Newwan-Keuls procedurs. :

No drug effects on saccade latency were observed, nor did tha multivariate analysis indicate any
effects on saccads deficiency, though a largs value of saccade deficiency was fouud for 10 degres saccades
following hyoscine, Thus the suggestion that hyoscine might be baving an effect hare cannot Ls rigorously
demonstrated.

Subjactiva Estimate of Alartnass., Mean scores for the four traatwsnt vonditions both before and after
exposure to the provocative motion stimulus are presented in Table 1, where the scores have baen adjusted
to remove small order effects. Hyoscine was shown to have & marginally significant (p=0.05) affect in
inducing drowsiness or lowscing alertness comparsd with placsbo. No offect was detectad with the other
prepurations. In addition, the subjectiva msasures exhibited a significant ehift towards drowsiness follow-
ing the cest (p<0.05), but as this vas equally evident in all exporimental conditions, this reflaects the
increase in drowsiness induced by the test procedure. ’

Othar Tests. Statistical analysis showed no significant differvence between trestuants in the rasults of
near point estimatios, missing digit tesk, critical flickar frequency or the digit sywbol substitutien
teat,

DLIECUSSION

The principal finding from this experiment was the absance of any significant therspeutic or othar
affect of powderad ginger root, This im in contrast to the stv'y of Mowrey and Glayson (3) who demounstrated
prophylatic beusfit from powdared ginger root in excess of both dimenhydrinats and placebo.

Thers are sevaral differences in exparimental method between the two studies that way account for the
disparate findiugs. In the study by Mowray aud Clayson subjects wore selacted ou the basis of & question-
naire for thelir high susceptibility to wmotlon slckuness. Esch subjact wan tested once only at 20-25 minutes
after teking one or othar of the drugs, Subjects wers not forevsmmed that the test would induce wotlon aick-
ness and wara asked to report anly those symptoms refsrrable to the stomach using en arbltyary numerical
rating, Tha intansity of the nauseogsnic stimulus, delivered by means of a chaix rotating abour an off-
vertical axia, vas svideutly fairly high sinca most subjects tolerated che stimulus for less than 6 minutes.

1t is likely that the 20-25 minute intervul beiwsen the administration of a drug and axposure to provo-
cative motion was too short for dimenhydrinate to have resched its full tharapesutic lavel in thae body (8)
and oy account for the small degres of benafit derived from this drug, Converssly, it could bs argued
that in testing subjucts at two hours after drug iugestion, as was done in the present trial, any thera-
peutic effects of ginger, which probably exerts its affect locslly on the stomsch, may already have waned.
Boma difference in result may be & consaquanca of not selecting wotion sickness susceptible subjscts for
the presant trial, However, the results show no evidence that those eight subjects whoss tolerance showed
an increass following ginger were wore o laas susceptible to wotion sickness as indicated by their score
on the Reason wotfon sickness questioonaire. Likewise, Hargreaves (5) found a similar subjective benefit
from ciunarixine among those with a history of seasickness as compared with the total study group. Tha wide
range of motion sicknaes susceptibility of the oubjects influunced tha choice of a continucusly incressucing
turntable spead in the stimulus used to induce motion efckosss, By use of this profile suscaptible uubjects
did not becoma unwall before waking a reasonsile nusher of head wovaments while relativaly rvesistant sub~
jects evantually reached s stimulus level at which they alev wers reundared swetion sick. Diversity of motion
sicknass susceptibility and limitations on the nusbar of potential experimuntal subjects made it pruferable
to test sach subject repeatedly under all four drug comditions. This allowsd within-subject statistical
cemparisons to ba made. Even #o, valid conclusions ware only reached by wiimination of oxder effects which
varied fromw subject to subject.

Wwhile subjactivaly assessad drowsiness was detactad following hyoscine, the objective massures of per-
forwance used in the trial yislded no significsnt ditfurences bstween treatmente, Lows of ocular accom~
wodation following hyoscine has been reported ss & prominent slde effect in vome wubjects who veceived
hyasaine for prolonysd periods either orally (8) or by means of a transdermal patch (10). Hyocscine has
also bean shown to impair short tarm mewory of items in a vocally presented iist (11). BSowe performance
decramsnt might thersfore have been axpacted in the execution of the miusing digit task, iu witich numbers
were preseuted visually. The diglt symbol svbstitution test ham baan uued as & performance test fo detact
tha central nervous system effects of severdl sensodisxepine drugs (12). The test is ekin to writing in an
unfamiliay script. For the test to give usefvl results a lazge number of prelimivary practics sessions wre
necessary to reduce lssrning effects, so it muy b that the eleven practice seswiccs employed in ithe present
study ware insufiicient to yleld & test of optimal wensivivity.

The effact of drugs on saccudic sys movaweuts hias baen studied in relation to alcohol, merijusna,
methadots and the bansodiasapines (13,14,15,16). Baccade latensy = the tiue teken to initiate a sacusde
following a wvisual atisulus = is u wessure Of the sankory componsnt of the sacesmdic response. HSaccade
velocity on the othar hand is un attribute of the wotor component of the respouss, Certaia drugs agfect
predominantly ona or other compomsnt (17). The raduction of wsaccadic velocity found in the prssent study
following hyoscive administration has uot praviously been described, This effact of hyosciue is similar
to that produced ty the bensodissepine group of drugs aud by alcohol, Raduction in saccads valocity is
probably an fudication that thase drugs ars exerting # deprassent effsct on sn aros of the pontine veticulax
formation responsible for gevarating tha saccadic pulse (18,19).
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CONCLUSIONS

Tha trial haw confirmad the afficacy of hLyoscine in the prophylaxis of wotion sicknass but has uot
shown any baneficial effect following the administraticn of powdered ginger root. Cimnarizine has alsoc
been shown to be effactive at & relatively low dose level. The prophylaxis provided by 15 myg cinnarizine
Wus somawhat less than that following 0.6 mg hyoseine,

While thers was some eviderce, both subjective and objective, of the CNS deprassant effect of hyoscine,
no such effects wars found following cinneririne. Due care howaver is nevessary in extrapolating thie
nagative finding to highar dose levels of cinuarivine or to situations in which s high subject performance
lavel is vital,
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DIBCUSEION
KENNEDY: Was your digit symbol test scored in teims of percent corract as opposed to mumber cor-
Tect?

BTOTT: Mo, it was scored on tha basis of the number oi substitutions that they wmade excluding
those substitutions that were incorrectly mada but, in fact, I think I'm right in ssying that slwost

n?hody nmade an incorrect substitution aud really it wvas a measure, if you like, of hand-aye coordina~
tion,

RESCHKE: I would just like to make & comment about the observatiom which you reported where the
subjects appeared to become more sensitive to ths motion with esch successive test. I was wondering
vhather or mot you noticaed anything in their demeanor which would suggest, in fact that increassd ses-
sitivity was 1really & rveflection of their learning that they really didn't liks the motion test and

parhaps vare wore asgar to end it. I think that's somethiug we all hava to be very careful about in
doing studies like this,

8TOTI: I think your interpretation ie exactly correct. I've nothing very much mors to add, ex-
capt that because we used a balanced design this fact did not matter.

&P
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SUMMARY

The RAF Motion Sickness Demensitisation Programme hes been in operation since 1966 and
has to date treatad 151 aircrew.

The programme consists of a ground phase and a flying phase, Since January 1981 the
programme has been located entirely at Farnborough., Additional motion stimulli have been
incorporated into the ground phase of treatment and the flying phase 1s now carried out in
a high performance aircraft, the Hunter T7.

Oomparison of the results of follow up for the peried 1981-83 with thome for 1974-80
indicates an improvement in overall success rate and shows a significant increase in the
number that progress to fly in the demanding motion environment of fast Jets,

INTRODUOTION

Aireiokness is a common problem in early flying training. Rubin (1), in a survey of
airsickness in US traince airorew in 1942 quoted an incidence of 11%. He almso noted that,
while the guneral failure rate in training was 36%, the fallure rate among those who
developed airsickness was 52%. In u similar survey among UK trainee pilots in 1974, Dobie
(2) classified airsickness according to its effect on gorrormance. He found that 38.7% of
alrorew suffered from alrsickness at some stage in training and in 14,.6% it was suffi-
clently severe to impair the atudent's performance and his ubility to absorb instruction. '

The pattern of airsickness during the course of pllot training is characteristic. The
incidence of symptoms on early sorties may be 20-30% despite relatively unprovocative man-
ceuvres. This incldence falls as adaptation ocours to the motion stimuli of flight, but
shows transient inereases when more provooative manosuvres such as spinning and aerocbatiocs
are introduced (3)., Motion sickness also affects trainee navigators and tends to make its
appearance at the start of low level navigation training., A further group of ailrorew in
whom motion sickness is a problem are engineera and electronics operators in mapitime
reconnaissance aircraft in which lang perlods of flying are carried out at low level.

In all thase groups the normal pattern is of gradual spontaneous desensitisation. In
some mobion sick individuals a useful reduction in inoidence may be galned by the use of
prophylactic drugs during the early pericd of tralning, Hyoscine 0,3 =0.6 mg is the most
oommonly used drug for this purpose, though olnhnarizine has been found useful for long
duragion flights. In pilots the use of suah drugs is, of course, prochibited for solo
gorties,

In a small proportion of subjects, sither on aceount of a high susceptiblility or o
alow adaptive response, motion sickness persists, erodes confidance and impairs ability.
This is refleocted in poor performance In training and an inocreased likelihood of suspension.
The recognition of a student's continuing problem with motion mickness can only ocour after
a reasonabla period has been allowed for spontaneous adaptation, by which time a lurge
financial investment has been incurred. Furthermore, nusceptibi!icy to motion sickness ims
no indicator of a student's inherent abillty at the alrborne task; motion siok airerew once
treated can go on to become not mereliy useful but outstanding pilots or navigators.

The RAF programme of desensitisation treatment for ohronioc airsickness was started bg
Dobie in 1966 (2}, and has to date treated 151 subjects. Over the 10 year peried 1974-1983%,
57% of those breaécd have been pllots, 27% navigators and LU¥ airorew from maritime recon~
naissance aireraft, 'This distribution is probably not a true indicator of motlon sioclness
incidence within these various categories but reflects also the degree to which a continu-
ing susceptibility to motion siukness is compatible with the airborne task, Though pri-
marily a problem affecting aircrew in training, there is sufficient anecdotal evidence to
suggest that motion slokness represents a conbinuini problem for some airerew, How many
continue to experience symptoms and to what degree is not yet known.

In January 1981 a number of ohanges were made to the desensitisatlon programme,
Responsibility for the programme was transferred entirely to the RAF Institute of Aviation
Medioine (IAM) at Parnborough where the initial assessment and the ground phase of treatment
are sarried out and the flying phase is conducted by the Madical Officer Pilot using the
Institute's Hunter T7 aircraft,
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This paper outlines the current practice in the desensitisation programme, and compares
the results of follow up in those treated between 1381 and 1983 with those who underwent
degensitisation treatment between 1974 and 1980,

DESENSITISATION PROCEDURE

Initial Assessment

There are no absolute pre-conditions to entry to the desensitisation course, but advice
from the student's flying training school is taken on his prospects of success once he is
free of motion sickness., Also, we would wish to exclude those who, allowing for the dis-
fir}ting effects of motion sickness, think they have made a mistake in their choloe of a
'lying career,

Initial assessment at the IAM is made over a three day period, A detailsd history of
motion sickness im taken and inquiry made for relevant psychological factors. Routine
vestibular function tests are carried out to exclude any unexpected abnormality. AssBess=
ment is made of the subject's susceptibility to motion sicknees using three different pro-
vosative stimull - cross-coupled stimulus, 0,3 Hz # 0,25 0 linear Gy vsoillation, and
0.02 Hz, +1509/sec angular oacillation accompanied by a visual search task (4). The sub~-
jecb's_liﬁely rate of adaptation is assessed using a orcss-coupled stimulus of gradual
onset, This teat is repeated on three successive days at the same tline of day using iden~
tical stimulus profiles.

(round Based Desensltisation

The same types of motlon sickness-inducing stimuli, orosg-coupled, sinusoidal linear
dy gacillation, and 0,02 Hz angular oecillation are used during the ground phase of treat-
menv.

Cross-aoupled stimuli have formed the basis of ground based dessnsitismation since the
start of the programme in 1966, The subjeot, seated in an enclosed cab over the axis of
the spin table, makes head movements in pitch and voll while rotating in yaw. The speed of
rotation is inereased in 1 rpm steps, and the subject makes five to twenty head movement
sequences ut vach spead of rotation (sach mequence involves 8 head movemants at 3 sac
intervals), The oab is either illuminated or in darkness, alternating every 5 sequsnces.
Every 30 secs, after each sequence, the subject gives hias well-being rating (WBR) on o
soale from 1-6, defined as follows!

Rating Symptoms
1 No symptoms. 100% well
2 Malaine. Mild symptoms, No nausea.
R Mild nausea % other symptoms.
Moderate nausea + other aymptoms.
5 Severe nausea and stomach awareness,
6 Vomiting.

Because of the tendency for symptoms of motion sickness to cascade, the session is ended as
soon as the subject reports a WBR of 4,

For each session of oront-coupled stimulation an estimate cf the stimulus dose is
obtained by adding the produocts of rotational speed in revoluticns per minute and the num-
ber of head movement sequences made at that speed, DBecause sessions are genernlly termi-
nated at the same degree of subject malaime, graphs of this derived figure plotted over the
course of treatment give an indication of progress.

3ince mid 1981 the two metre stroke vertical vibrating platform, operating st 0,3 He
and 0,25 Qg und O.4 Hz, $0.4 Gz, has been used as a motion slckness provoking stimulus.
The stimulus is intensified by excluding external earth fixed visual reference and by
making the aubgent carry out a visual search task, a modified version of that described by
Moore et al (4)., The subjeot looks at & 12 x 12 array of numbers, the rows of which are
referenced by the randomly ordered digits 1-12, and the columns by letters A~L also in
random order. Ulven a letter and a number, he has to return the referenisd number, Two
such arrays are used, one just above the subject's line of sight, the other on his knee.
The subJect uses each array alternately and has to make head movements in doing so.

Over the threa week period of the ground phase subjects have twice daily sesaions, up
to a third of which may be carried out on the vertical vibrator if assessment has shown then
to be sensitive to this stimulus. In addition, one smession per week is carrled out on the
turntable, oseillating in yaw at 0,02 Hz +1509/sec, during which the subject carvies out the
same visual search task but without head movements, reading from a single arrey of numbers
fixed to the turntable.

Not all aspects of alrecraft motion ocan be reproduced on the ground and this phase of
treatment 1s regarded only as an essential precursor to a period of graded remediel flying.

In the treatment of alrorew from maritime reconnaigsdnce airoraft a flying vhase c¢f
treatment appropriate to that type of aireraft is not availuble, ¥or thim group the ground
phase of treatment is extended to four weeks and contains additional sessions on the ver-
tical oscillator.
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Airborne Phase of Desenaitisation

The airborne phase of desensitisation follows the ground phase without a break and con=-
sists of 10~15 hours flown in the Hunter T7 with the Medical Officer Pilot who is also a
qualiried flylng instructor. 'The flight envelope of the Hunter is extensive and allows a
graded build=up of motion stimulus from physiologically undemanding strailght and leval
flight through to advanced aerobatics and high apeed low level navigatlon.

The syllabus is divided into initial and advanced phases and is esdapted for each indi-
vidual from a number of apecific exereisea. For both pilots and navigators the initial
phase is similar, but thelr advanced phames differ in emphasis, Progress through the aourse
is entirely Jdepundent on the subject's rate of adaptation, and he is under no pressure to
achleve any particular objective during each sortie.

Initial phase

(1) Faniliarisation

(41) Straight and level flight at various speeds

(i11) Effeots of controls

These early sortiss contain no extremes of attitude or acceleration and teach the sub~
Joot the differences between the basic handling of the Hunter and his training aeroplane.

(iv) Low speed handling

(v) Flying in manual control

(vi) Turns at 30°, 45° und 60° augle of bank

(vii) Cirouits

Cirouit flying in the Hunter is demanding with a high workloadimand the rapidly

changing angles of btank and linear accelerations are provooative stimuli. They are intro-
duced at the end of other exercisme sortles as the individual's adaptation increases.

(viii) Introduction to instrument flying

One of the advantages of the Hunter in this role is the ability to operate above the
weather, which frequently sntalls an instrument departure and recovery, Instrument flying
is introduced on the course us and when necessary, teking due asccount of the provocative
effegt of an absent visual horizon and of turbulence often encounteraed in low level cloud.

The initial ghase normally takes about 5§ flying hours during whioch the subjeot often
retains some sensitivity to airborne provocative motion., Once the subject can tolevate

60° engle of bank, level turns, and cirouwit flying with no ill-effect he muves on to the
advanced phase, '

Advenced Phase (Pilots)

During the advanced phase the subject learns to fly the airgraft to its limits and
gaing increacing confidence as he learns to enjoy flying again.

(1) Maximum rate level turns

Medium speed entries to maximum rate level turns, btablilised turns and reversala
maintaining the light buflfet are practised, As well as oxtending his desensitimation the

subject loarns to handle the Hunter in the light buffet which is necessary to fly good
aerobatic manceuvres.

(i) Aerobatics

Aerobatios are introduced gradually and are bullt up from the maximum rate level turn
and the basis barrel roll. Throughout a barrel roll the subject maintains a visual refer-
ence on the horizon thus assisting his orientation. Only when he is confident and tolerant
of these manceuvres is the loop introduced during which he loses sight of the horizon for
about one third of the manoeuvre. Once the gubject has mastered the loop, he progresses
very rapidiy through the repertoire of roll off the top, horizontal and cuban eights, Derry
turn, wing~over, slow roll, vertical roll and hesitation manoeuvres, By the end of the

course he shiould be capable of flying a 20 minute sequence linking basic and advanced
manceuvres,

(1J4)
(iv) Low level navigation (420 knots)

Practice diversion and forced landing procodures

High speed, low leval navigation expoees the pillot to turbulence and to large accelera-
tion (all turns being done at 60° ungle of bank & 20). It ig an effective means of lnoreas-
ing his airborne mental capacity in &4 demanding environmeiit. The first introduction is done
over the gentle undulating terrain of Southern England at 500 ft agl, but then he progresses
to flying at 250 ft agl in the mountalnoua terrain of Wales.
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(v) Formation flying and tailchasling
(vi) Pairs low level attack

This is an extension of basic low level navigation to demonstrate the operational and
tactical environment. It provides much provocative stimulus involving ragid head movementa
to maintain the good lookout essential for tactical integrity and aggressive flying.

(vii) Landaway navigation exercise

This provides the final confidence boost of his rehmbilitation when the subject flles
the Hunber to his home base and is able to restore self-esteem by showing off to his col-
leagues, The importance of this should not be underestimated,

Navigators

Navigators present a slightly dilferent problem., It is well known that motion sick-
ness afflicts the passengars far more than the driver of a vehicle (5). The navigator
spends a lot of time with his head down in the cockplit and at low level he is subjected to
turbulence, high @, and large accelerations without the benefit of being able to anticipate
the aireraft behaviour, During the initial phase the navigator also learns the basic
handling of the aircratt so that he gains the benefit of antisipating airoraft motion.

Cockplt management and map reading tasks are introduced later as the subject's adaptatilon
develops.

The advanced phase for navigators is neceasarily blasedl towards low level navigatlon
and attack profiles and ends with 1 v 1 air sombat manoeuvres.

(i) Introduction to low level navigation at 420 knots

(ii) IP to terget runs

(ii4) Simulated attack profile

(iv) Low = high navigation

(v) Pairs low level attack

{vi) Procedural diveraion and instrument approsch procedures

(vii) Landaway navigation exercise

(viil) Air combat manoeuvres, 1 v 1

Assesament of Frogresy

During the rehebllitation flying, the subject uses the same well being rating as he
has used during the ground desensitisation.

Because of the individual variability between subjects and the absence of any common
provocative motion it is difficult to quantify the stimulus in absolute terms, However,

each #sortie is easmesmed retrospectivaly and glven s Provocatlon Index, also on a 1-6 scale,
according to the following scheme,

Provogation Index Example of manoeuvre

1 Straight and level; up to 45° angle of
bank turns

2 Up to 60° AOB turns; oircuits, radar approach

3 Practice forced landing; introduction to
deros; advanced turna

4 Basie¢ merobatios; max rate level turns

5 Advanoed aerobatiocs; low flying

6 Aerobatic sequence; attack profile

The subjsct's well being rating and the Provocsation Index for each sortie are plotted
graphloally and provide an indieation of the progress being made by the subject and the
degree of flying continuity he lLas received,

RESULTS

Some small degree of selection of subjeots for the course may take place bafore refer-
ral by the training units, bub poor progress in training is an almomt inevitable asocompani-
ment of continuing motion siskness and due account is taken of this. Duritg the past three
years no cases have been refused admissjon to the desensitimation programme following
asgessment. One subject finally deaided %o withdraw from training during the assessment
period, the prinoipal reason ror which was not related to motion sickness,
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Although there is some correlation between the susceptibility to motion sickness
induced by the three ground based stimuli some individuals show wide differences in sus=-
ceptibility. Figure 1 shows the results of treatment with cross-coupled and linear Gy
stimull in one Bubjeot who showed a high sensitivity to cross-coupled stimuli and adapted
slowly but who proved relatively insensitive bo the linear G, stimulus. By contrest, the
subject illustrated in Figure 2 desensitised rapidly to cross-coupled stimulation,

P/O A M.
03HZ £0.2505
0
Min
Toltante inden a
{E(RPMx HM))
sar Figure 1, Record of ground-based
desensitimation of subject showing
high sensitivity and slow adaptation
CROSE COUPLED to aross~coupled stimulation but
4o f relatively low sdnsitivity to the
linear G, stimulus.
00
123 YRR P IONIZN s
Yreaimen! day
Tolerance bdex , . LW
(lnPw » W I 10
awor 0

lnur L

Figure 2, Record of ground-based
dosensitisation of subjact who, despite
{una;auruo good adaptation to oross-coupled stimu-
lation, showed rno consequent mdaptation
to the linear 4y stimulus,

400

133408 47800 1o
Tresiment day

The linear G, stimulus is not introduced until at least the second week of the ground
phase of treatient when subjects have shown some inoresse In tolerance to the cross-coupled
stimulus, No ineremsa in tolerance to the linear 0, stimulus above the baseline level
established at initial assessment has been observed as s result of this period of cross-
gsoupled treatment., The two stimuli appear to be independent of each other in this rempect.
Preliminary observatlons, however, on the results of onue wirekly exposury to low frequenoy
angular oscillation aocorpanied by visuel search auigombn that with this stimulus some
ingreaneiin tolerance is transferred from Lhat acquired on uxposure to arosm-soupled
stimulation,

Progress during the ground phase of treabtment is consiclered satisfactory if subjectx
are able to make 20 head movement seguences while rotating st 10 rpm, and can survive 20
minutes of 0.3 and O.4 Hz Q, oscillation without developing more Lhan mild symptoms of
motion sickness, Ocoasionally the pericd of ground based treatment is extended if these
oals are not achleved, but the rate of progress and degree of acquired tolerance during
his phese of treatment are poor indicators of ultimate success in overcoming sirsickness.
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Progresn during the flying phase varies:between individuals. Typically there is
gradual increase in tolerance as the motion sickness provoking content of successive sor-
ties is increased (Figure 3). Occasionally improvement in tolerance appears to te more
abrupt (Pigure 4), Rarely, there is no clear indication of an adaptive response during
the flying phase (Figure 55,

On completion of the deaensitisation course, aubjects resume flying training no matter
what the apparent outcome of treatment., Hven at this stage the prediction of success is
not easy. In fact, all those subjeots whose records are shown in Figs 1-5 currently con-
tinye to fly, the most recent of them raving been treated 18 months ago.

In analysing the results of follow=up surveys for the periods 1974=1980 and 1981-1983%
subjects have been amsigned to five categories detailed below.

Classification of effect of therapy

a. Succeasfully Completes flying Progresses to fast jets.
desensitised, training.
b, Successfully Continues flying Progresses to multl-engined aircraft or
desensitised, training. helicopters on completion.
¢. Successfully Fails to complete
desensitised. flying training for
reasons other than
motion slokness.
d, Motinon siokness Completes flying Problem with motion slokness resolved when
recurs., training. re-roled to different aireraft type.
e, Motion slockness Fails to complete
recurs. flying training on
acscount of motion
sicknenss,

This scheme reflects the fact that success or failure is not necessarily absolute and
that the degree of puccess will only emerge over the course of aubsequent training.
student pilot or navigator may successfully oversome his motion sickness only to fail later
in training for lack of ability., Alternatively the treatment may not achieve full desensi-
tisation and the problem nay only be resolved when the subject 1s re-roled to a less pro-
vooative type of flying.

Results for the seven year period 1974-80 are comﬁared with those for the period
1981~-8% in Table 1.

Table 1
Categoy 1974-1980 1981~1583%
a 6 (13%) 10 (31%) *
b 25 (54%) 13 (41%)
o 1 (2% 4 (12.5%)
d 7 (15%) 2 (6%)
e 7 (15%) 3 (9%)
Total he 52
“ p < 0,05

If those in categories a, b and ¢ are to be regarded as therapeutic successes, then
the success rates are B4X for the perliod 1981-83, compared with 70% for the pmriod 1973-80.
The resulte show a uignirioanb inerease (p < 0.05) in the proportion of airorew that pro-
gress to fast Jet flying (cabegory a), Of the aseven pilots who, since 1981, have reached
category a, three have been prizewinners either for serobatics or for low level navigation
at graduation from advanced rlying training, Another recent prizewinner during advanced
t1lying training,albeit in hellicopters, 1s clasmed in oatefory 1 - a treatment failure. He
nonetheless acquired suffieient banerit from the desensitisation course to complete basic
flying training and later to excel Iin the less provocative environment of helicopters,

Results of desensitisation treetment in those aircrew from maritime reconnaissance air-
eraft who received only the ground based phase of desensitisation indicate that all have
experienced benefit from treatment and the 5 subjeots in this group seen since 1981 all con-
tinue to fly, Follow-up data ror the equivalent group treated between 1974-80 are inoom-

plete but 2 out of 7 treated in this pericd are known to have failed in training on account
ol motion alckness.
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Figure 3. Record of airborne phase
of desensitisation in a typical subject. 4
Despite an increase in provocative con-
tent of the sortie as the course pro=-

ceeds, there is a steady improvement in
tolerance from the rifth sortie onwards.

R

Figure 4., Reonrd of airborne phase in
a subject who showed an abrupt jincrease
in tolerance after 10 sorties,
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Figure 5, Record of airborns phase in
a subject who failed to adapt during

the course and was subsequently re-roled
to hellcopters.
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DISCUSSION

While there may be a number of factors that contribute to the problem of motion sick-
ness in any one individual, the approach to treatment is fundamentally a physiological one.
The ground phage of treatment is designed to reproduce on the ground features of the neural
mismatch that are generated in the airborne environment and allow the subject to be exposed
to them in a controlled and gradually incrementing mannser.

The desensitisation that results from repeated exposure to a provoeative stimulus tends
to be fairly specific to that type of stimulus, We have found that holerance acguired to
the orcss=-coupled stimulus does not result in increased tolerance to a linear G, stimulus.
It might similarly be argued that a cross-coupled stimulus iz not representative of the
motlon stimulus of an eircraft, However at the level of canal-otolith mismateoh, there are
sufficient similarities to expect some transfer of tolerance to oceur. Many aerobatie
manceuvres, while not produsing cross=-coupling, generate a rotational signal from the semi-
circulavr canals which 1s not accompanied by the degree of gravitational vectour rotation
that terrestrial motion rules would dlotate., An equivalent neural mismatch is produced by
the cross-coupled stimulus.

There is perhaps a more direct similarity between aircraft motion in low level turbu~
lence and the vertical oseillation at 0.3 and 0.4 lz used in the ground phmse of treatment.
Laboratory studies huve shown the incidence of motion sickness to be inversely related to
frequency of G oscillation in the frequency band 0.2 to 0,6 Hz (6). Beocauss the atroke of
the vertical oscillator is limited to 2m, the maximum nauseogenic capabllity of the machine
is achieved at about 0.4 Hz,

The nauseogenle stimulus of 0.02 Hz angular odcillation when socompanied by a visual
gearch task has nhot hitherto been used intensively during the pground based phase. Motion
siokness due to this stimulus results from a visual-vestibylar mismatch. There is some
indication that tolerance to thie stimulus is increased by the cross=coupled stimulus in
which, when the cab is illuminatnd, there is also generated a visual-vestlbular mismatch.

Despite the inclusion in the piround phase of additional motion stimull designed to
reproduce the nauseogenlo featurc< of aireraft motion, the volue of a flying phase of
treatment remains paramount. There are inevitably espects of alreraft motion that canhot
readily be reproduced on the ground and subjents need to asquire the confidence that they
are resistant to sickness in the air, rather than in a set of laboratory machines. Indeed,
suhjects do not find themselves to be totally lmmune to alvslckness at the start of their
tlying phase and 1t 4is still necessary to bulld up tolerance gradually.

In the earlier years of desensitipation trentmeunt it was consldered important that
"no attempt should be made .., to carry out Lypes of maaveuvrs beyond the scope of the nor-
mal training syllabus" (2). With the use of the Hunter 17 for rehabilitation flying this
principle has been abandoned. The student progresses as far as he is able, both in terms
of the provocative aircraft manoeuvres that he 1s able to tolerate and secondarily in
extending his oconfidence and mental capuclty to meet the demands of flying a high perform-
ance aircraft, The inorease in the proportion of those treabted who progrems to fast jet
aircraft can be ascribed in large measure to the use of the Hunter aireraft. Havin? BUC™
cesafully adapted to this aircraft the student does not need to confine his aspirations,
nor the expectations of his instrustior, to a flying career in the less provocative environ-
ment of helleopters or transport airaraft.

One advantage that has resulted from locating the flying phase at Farnborough is that
the student 1s removed from the pressures of the training environment and thie allows
therapy to be conducted in a relaxed manner. Though the Medical Officer Pilot is also a
qualified flying instructor the aim is to establish a therapist/patient relationship in
place of the instructor/student relationship of rilying training.

The extent to which adaptation is lost during periods off flying is not fully known.
Some airerew report a recurrence of motlon sickness symptoms on resumption of flying after
a long break, but tolerance appears to be regained more rapidly and a pattern of chronie
motion sickneas does not recur. Over the past three years, 7 aircrew have returned for a
one weok pericd of 'top-up' ground based treatment, most at thelr own request, prior to
resumption of flying after a break of a few monthse. It is frequently observed at the start
of 'top-up' treatment that no loss of tolerance to cross-coupled stimuli has ococurred since
the end of the initial ground phase of treatment, despite having had no aimilar treatment
in the intervening period, 1In addition, thils group has reported no problems with airsiock-
ness when they resumed flying, a finding which cannot wholly be ascribed to the additional
period of ground based treatment. Thus adaptation to provocative motion may be retained
for longer periods than has previously been thought,

CONCLUSIONS

Several changes were made in January 1981 to the RAF Motion Sickness Desensitisation
Programme, notably the addition of a 0.3 Hz linear G, provocative stimulus to the ground
based tremtment, and the use of a high performance alreraft, the Hunter T7, for the air-
borne phase of demensitisation. In addition, the flylng phase of treabmené
from the training environment and the whole programme based at Farnborough.

was moved away
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The results of follow-up comparing the periods 1981-83 and 1974-80 suggest

vhat tliere bag been an improvement in overall success rate and show a significant increase
in the proportion progressing to fast jet flying.

It is suggestcd that the improvement in reaults is a consequence of changes wade in

the programme in 1981,
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PSYCHOLOGICAL COMPONENTS IN THE DEVELOPMENT
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Summary

Bxtensive behavior analysis is made on the basia of 23 case studies of motion sick sircrew
members, Situationml context variables and their intermction with individusl diepositions,
behavior regulation patternm, coping mechanisms and sel? control techaiques are discuased.
It seems thai sensitivity to motion ist not the only coriterion in the development of motion
sickneas. Desoription of vountermeasures and their effeots are presented. Dally exercise

of variouas ttohniques of bvehavior regulation to build up succemsive adaptation to motion
stress will enable pevsons to cope with motion sickness producing aituationa inflight.

Introduction

Firat, training and therapy mesmures would normally begin when sufficient diagnostic
explansations mns precise indications are present. From the standpoint of the training
institution for airersw of the German Air Force ist is enough whani

1. There ie an appeursuce of manaifested air sickness (A8) in three flights.

2, Thare is an exvlusion of orgenic or toxic induced changes, respectively, the
dystunotion'of the equilibrium sensory system.

%, There is at least averags aptitude for flying.

4, Thero is & strong flying motivation.

Then this member is recommended for an anti-airsickness training program (AATP). This
AATP Las become institutionalizad in the selection pracess of flight applicants.

8inoe this oriteris has been put to use, the muccess quota has improved draatically to 87%
in 1980-83, compared to 57% betwsen 1974-1979, Since the training methods have basically
siayed the same, from what we see, the difference oan only be interpreted as boing a
reruli of the efficiency of the selection criiesvia. In spite of this relatively high
success rate, we are not plessed with our present understunding of this problem;
eapacially, the diagnostic explanation of the type of AS and the determining fsetors. An
extenalve training program lasting four to five weeks would not bs necessary when a
reliable prognosis ans prsventive measurss are present. Through past cases it has been
found that without the vestibular crgans thers would be no AS. The organ itmelf, with its
specific funotionms, does not sufficiently explain the development of AS. Persons who are
susceptible to atrong veatibular.stimull wnd/or semsory conflict fo not get airsick in
every casae. Nor do those of lesser susveptibility, who become unexpectedly sick and
interrupt and/or end their flight training. Moat probably other psycho-physiologioml
processes and functional systems play un important role. Kamiye (1982) points out that
there must be a wider spectrum of the central-nervous systsw functions, while the
vestibulayr system alone can not produce such widely rauging effests, It is pomnible

thut there sre paycholegical processes with the psychological correlates, which constitute
an adequate frame of raference for the explanation of the development of AS8. The roles

of audaptation, and the learning processes are of relative importance (Kawiym, Cruner,
Money, Gardner 1982); when hardly anybody has the sxperience. The relationship of the
importance of these factors in the developmsnt of AS has wnot beun addresaed in current
research. A theoretiocal analysis iz necessary to structure the results from the

various aspects of this area of research. There are lesst three souvces ¢f varimnce
(Roesler 1983):

1. DBehaviour characteristics (dimensions)
2. Biosignals (bviowsdiocel data)
3., Bitustions
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We can expect that the blosignals wil indicate certain regulatory processes, which are
directed with central regulatory systems. The regulatory systeme are activated through
different stresgors of the organism, which is represented in different reaction patterna.
The function of the regulatory system js dependasnt on specific individual characteristico. i
Observation shows specific individual regulatory systems. A multi-varied approach is l
important to find the variations, covarimtions and dissociations of signals. The objective
should be to detect covariations between behavior dimensions and physiologically
determindes regulatory systems. The cnly problem in doing this having a repremsentative
number of persons, situations and signals. In our came, we did not have the numbers, so we
ave dolng thia in 23 cases; from these, 11 were from the United States of America. The goal
of this paper is tu present idess for documentation and a description of these regulatory
provesses. It is possible that a hypotheses could then bm drawn from thia approach. This {
approach comes from the results of the diagnostic phase before AATP, and alao from
information within the training program.

Provedure and Results

Our clients suffering from AS were examined to rule out any pathological faotor prior to
being referred to us. We found that 21 persons (91.3 ¥) were given medlcation, to no
aeffect, before taking part in the program (see Figure 1)
' f AATP
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Fig.t 1 Descriptive variables of 23 airsiok cases (1980 - 1983)
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The AATP conpista of three phmaes:

Anti-Airsickness Procedure Phases

Phase 4

\ Background Assessmunt

1. Laboratory Testa of Motion Reactivity
Assesement of psychophysiological indicators
of motion sickness

2. Lehavior Analysis

Aspessment of psychological indicatcrs of
wotion sickneas

EBducntion in Self-Control and HStreas Coping Tochnigues

1. Education \
2+ Coping Training

- Physical Fitness Training (including
space wheel) fawiliarization)

- Relaxation Trumining (combination of
gressive relaxation and sutogenic training)

- Mantal Practice (according to the ayllabus)

Phase 2

" Adnptatlon, Desensitization and Self - Uontrol Manugement

1. Rotating Chair

2. Vigusl«Veatibular Intersotion Device

3. Spatial Disorientation dimulator

4. Exerciase Unit ("Space Wheel")

5. Cognitive Self-Jontrol of Inflight Stress Situationa

: Phase 3 L

Inflipht Docenmitization and Evaluntion

1. Three to five flights with increasing motion
. stimulation and work load

. 2. Use of self-management technigque for inflight
pymptom control
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Background Assessment (Phase 1)

A collection of psychological data was performed according to the behavior formula of
Kanfer and Phillips (1978): "Who was experiencing what, under which circumatances, with
what eoffect, and what did the psrson do to overcome it."

This also includes the questions for personality dimensions, apecific behavior
characteristics and situations. These methods coma from!

1. Biographic mnalysis
2. HExploration I
%. Personality tesis
4, Performence tests
5. Sate of being scales

. Flight instructor questioning
7. BSywptom specifioc tests

Participants in the training program show, t¥%pough the wide variety of personality traits,
an uncertian picture. More than half are highly susceptible to wotion. They are as
secoeasful in the program as thoee of lower susceptibility (see Figure 1). All mcores of

state anxiety (Spielberger 1980) were very high in flights where AS ocoured, even though i
only 20% admit that anxiety could be a determining factor. The eituations in whioh AS
occur can be seen in the following:

1. Stewsp turna

2, Rapid Altitude changes and stalls

%. Workload pressure

b, Changes in g-load

5« Georgraphic snd spatial disorientation

6. Turbulence

7« Flight termination

8. Other than inflight (l.e., walking to airoraft, flight gear issuc)

Information about the development of AS ana its dynamic process is unprecise, We assume
that remponsibility liew in the inacoursts self-perception as dissimulstion tendencies.
The resulta of behavior analysis done in the training phase are much mors perceptible.
Through the training program, the willingness and mbility for self-perception is mdvanced.

BDducation in Self Control and Stress Coping Techniques

e e ittt e s

1. Bducation

The firet parts begins with a discussion of the individusl test results. This should
improve self exploration and remove dependancy of behaviar controlling atimuli oconditiona.
The rale of the trainer is as a nondirective advisor who leads discussions mccording to
the rules of olient centsrsd therapy (Rogers 1951), Thia purt cun be underatcod as the
“eduvational phamse’ mccording te (Meichenbsum 1978).

E

2. Goping Training
= Physical Fitneas Training

The aslf paerception in situated atress remctions is improved with the progress in daily
fitnesa training. Aside from that the praoctice of relaxation training, alter fitness
training, is eamsier due to a better discrimination of muscular tensing and relaxing. A
wore regular breathing is also induced.

- Spmce Wheel Training (Rhoenrad)

Obgervations of behaviour in unusual motion asituations is very helpful, The ability to
differentiate between AS and individual stress symptoms is improved. There is & rapid
adaptation and habiltuation to the smpecific motion profile of this device. Desensitization
sffects are limited on this device. . .

e ——— SR e TR

-~ Relaxation Training

Reluxation training consiste of a tape (Kemmler 198U) which incorporates parts of the

Progressive Relaxation Techuique of (Jacobson 1938) and the Autogenic Training of

(Schultz 1973). The prcgram is shorensd through certain relaxation habitustions. This

shortened form is used for individuml operational situations, The main effescts can be 1
observed in the lsarning proceas. First, there is a sensitization of body perceptions and

remotions including emotions and cognitions, later we can affect a desensitization. After

these relaxation technigues have bheen introduced olients are more and more able to ?

desoribe their individual mctivities of so oslled "“naive utate regulation" (Nitmoh et al.
1979). They recall using musoulur tension againet the symptoms, as well as difficulties in a
breathing. They are able to tell 3 - R meguences, the increase of nervousness and the :
development of emotional cognitive self-svaluation, as well as the anticipation of AS. It
saeus that some develop the symptoms indspendent of motion. Rather, it comes from their

high level of stress. Mild motion atimuli could be a trigger. However, specific flight
naneuvers are also responsible for AS. These stress reactions in the smense of negative

self perception, fear of achisvenment (apprehansion of failure, threat of health integrity)
serve as reinforcenent in the development of AS. Continusl nelf obmervation in relaxation
training and discussions with the trainer leud to an ability to vlearly differontiste betwesn
the smotional and cognitive processes. The danger tu Zlight ocareer and to the low level of
nelf control ir the flight situation lead many to & new stmte of extreme mubjetive
helplessness. This could also lead to flight phablas, depressive reactions and psychosomatic
disturbances. Napalkov phenomens are alsv abservable,
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- Meuntal Training (Cognitive Pretraining)

The person is lead through three steps of an imaginative thought process, under intensive
reproduction of sensoric and motoric motion sensations (Kemmler 1979). The confrontation
vwith tasks performed during flight maneuvers is a further behavioral diagnostic anslysis.
Noted is the beginning of performance dificits, rise of incompetence, emotional and
cognitive processes of self svalumtion and the anticipation of AS am reinforcement. As
exaot self-perception and evaluation from the peraon is necessary for list of flight
stresa situations and for the majority, AS is a learned process that follow a paradigm

of claseical conditioning (see Figurs 2). The visible drammtic peak in AS is when the
classical conditioning process is initiated by unconditioned situationa in which the
person can not cope or adapt. Later, we often find an reinforcement of AS incidenne by )
self stimulation procesaes (operant conditioning). 4
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Adgptation, Desensitization and S8elf-Control Management (Phase 2)

ettt e

This phame in the AATP contains measures of adaption under simuleted flight conditions,

Desenaitization follows & "ievel! adaptation aystem snd a aituation resulting in wany 1
movements (i.e., space wheel, rotation chair, modified Stille-Werne rotation device,
spatial disorientation simulator, and ocentrifuge). The moat economical would be
dessnsitization under epecific conditions. It mukes mors senme to have a wide spsctrum
of provosative situatiuns, due to the various flight conditiona. One spmoial problem
is that of the forward-downward movement; there are no adequate simulstors.

We started to use the centrifuge, dbut the menpowsr requiremonts make this approach not
cvost effective, The demensitization procedure makes one aware of earlier falso coping

methods (i.e., bad outing habits, muscular tension, changes in reaspiration rates, snd

fixation on the symptoms).

Phenomenologically interesting is the appearsnce und process of failure as in cognitive
worry and in emotionality. Fear of failure luads to an enforced perception of the
physilogical arousal and it distracts from the tusk at hand. The performance level then
descrenses. The excitement is then interpreted na the reason for the anxiety. This
decresse in performnance leads to anticipation of fuilure, which the mrousal atrengthens
and reinforoces. The higher the probubility that A8 will ocour, the closer the person gets
to the AS triggering situaticnal condition. The important moderator variables of the
organism seem to be the type of mchievement motivation, the sensitivity to loas of
coupetence and the inadequate self regulation,

The Phane two procedures follow the wall know "“ooping wodes" of stress research
conducted by Lazarus and Launier in 1981, These include:

1. Beeking of inforumtion (reduction of dissonant information)
2, Direct action

X+ Action inhibition

L, Intrapsychic processes for problem regulation

T N T
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We have found that the countermeasurss used are highly dependent on the situational
context and the individual moderators.

Seif Control Management

Desensitization is extended to salf regulation., Therefore, the development of a working
sequence of self control is nevessary (Kenfer and Phillipp 197¢). Individuals learn the
fnllowing:

1. Self monitoring of behavior in problem situmtions,
2, Self avaluation of coping techniques,
3. And self reinforcement of affective behavior. (See Figure 3)
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Big, 2 Model of Self Control Munugement

The self control management procedurs not only addresses atress conditions, it can aslso
highlight the different emotional and cognitive proceases that the client perceives as
threatening his ability to ctope. The cognitive struuture of the twusk loas and the stress
factors (including motion stress) snd tho organization of the individuml's behavior in
cohnection with the anticipution of problem solving and timely regulation ure of primary
importance in this training.

Inflight Desensitization snd Bvaluation (Phase 3)

Transition Flights

The ability to apply the training and the evaluation of its effectiveness is Jdone in
three to five flights, The first flight (%0-45 minutes) ist for atudents familiarization
only.

Candidates (students) must apply self-regulation teahnigues inflight. In the second flight
(45-6¢ minutes) definite tasks and flight maneuvers ars sssigned. The third flight (6d<90
minutea) consists of a demonstration of emergency procedures and aerobatic fight maneuvers.
When there are problema which canrot bs controlled, the flight is repeated. Almost all

the candidetes have been abaerved with mild aymptoms, but in ewch case he has succemsfully
coped with them. When uncontrollable symptoms (vomiting) ocvur in more than two flights,
then the candidate is attrited frow the training program. Weather induced delays during
the AATP are very detrimental to satisfectory progress, especimlly in the transition

flight phase.

Conclusion

The accent of our traiaing program is on psychologioal intervention technioues. In order
to determine the psychologionl aspsct of AS and to modify it, we have developed a program
that makes possible the adaptation to unusual inflight smotion conditions through better
self-regulation.

Important information about behavior structure, stress factors and conditioned stress
reactions in the development of AS was found during the training process. Autonomic arcumasl
processes with their perceptions, cognitive and emntional processes snd their aubjective
evaluation seen to play as large s role as unuasukl physical snd physiologiocal stimulus
situations, The combination of physioclogical adaptation and psychological intervention sppear

to be a highly effective anti-airsickness training program within specific limits (see Fig.4).
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SIGNIFICANCE OF A | DISQUALIFICATICN
PSYCHOLOGICAL PSYGHOTHERAP ¢ FOR FLIGHT
COMPONENTS 43 DUTIES
high
SOMATO-
mediun BEHAVIOR- AND THERAPY
ADAPTATION TRAINING
low
NECESSARY R
I L

low medium high

SUSCEPTIBILITY OF
VESTIBULAR SYSTEMS

Fig, Ui Countermeasurss of air-sickness as a funotion
of psyohologioal and momatic somponents

This can be seen through other authors (Lavy, Jowes and Carlaon 1981, Cwreaia 1983,

Bugshaw and Stott 1983, Marshe and Rocoo 1983, Lochridge and Giles 1983). It is a fact

that the physiclogical stimuli conditiuns were not very extensive (Ksmmler, Houk, Bellenkes
and Guedry 1983). This ocould ba se¢un as the resson for the premenco of psychological
determinante in the development of AS. In order to deal with the stress conditions,
psychologicsl coping mechnisms (selfwregulation) muat bo given equal significance and
consideration. The combination of these coping methodologies leads to sensitization and
ultimately to & deaenwitization of perceptiovns. The inatruction mbout personality traite,
behavior charscteristics and stresa resctions give the individual an mdequats frame of
reference for problem orientation and activity menagemsnt.

Physical fitness traiuing and relaxation training seem to sucentuste the emotionsl
reactions. As for the relaxalion procedurss, different toohniqueas may have to be used.
This is due to there being no one technique being better than another, Ymoh is highly
individualiutic in nature wnd are considered successful when the candidate is able to
control his autonomic responses. Therefore, it is neceasary to define individual arousal
parameters and to deoide upon an adequate relaxation technique. The importancs of
biofeedback technigues has been proven (Levy, Jones and Carlson 1981; Cowings and
Toscano 1982) however, thia importance should not be cverestimuted (Gardner 1982). The
techniocal aeguipment does nut guarantee effective self control in a reml situmtbn and it
doca not replace the experianced ocliniocal specialiwmt, Mental training, desenzitization,
and s¢lf conirol manmgement improve the perception of cognitive processes and the
disorimination of cognitions versus emotions.

The cognitive structuring of the t: .ining situation leads the candidute to an effective
transfer to reality.

In conclusion, thers are tHe following wain rosults:

1. Diagnoatic relevant results has not only been found in the diagnostic phaae
but during the AATP, due to a decrease of diesimulation tendencies and an

increase of adasquats self perception of internaml, emotional and cognitive
procesaes,

2+ Desenditization mnd Self Control Management does not nrimarily regulate or
desensitlze provocative wmotion stimuli but internal perceptions. Tho effect
of this AATP consists in a habituation of self perception.

3+ Adaptation as well as non-adaptstion seems to bo to us an oubcome of
conditionad learning provesscs, most of which are esteblished by classioal
conditioning aud reinforced Ly melf- stimulation processes (operant
aonditioning).

4. Responsible for adaptation or non-adsptation are moderator variables in
the organism. Besides physiologioal factors psychologioml factors has to
be considered, among which achievement motivation, sehwitivity to loss of
competence and ipadaequate aelf regulation seem to be most relsvant.
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5. Praediction of motion sickneass would probably ba much more velid and reliable
when we add pseychologically defined scores to the scores of pusceptibility
basad on leboratory mation tests.
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BIOFEEDBACK TREATMENT OF AIRSICKNESS: A
REVIEW

by
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USAF School of Aero’nx;g?ue Medicine (AFSC)
Brooks AFB, TX78235, USA

The affect of significant and persistent airgickness on the capability of opsrational pilots is well
known, The effuct of airsickness on the programs of astudent pilots, who are affected much more frequent-
1y, is equally well known. For years, our predacewscrs havas had Esy options in dealing with airsickness
which would give such fliers a fair chance to adjust to the stresses of flight, in order to avoid die=
qualifying them from further flying. The cost of replacing a trained operstional fiiur is substantial,
parhaps representing over a million dollars. The cost of disqualifying a student pilot or navigator is
leus, about $15,000 for a pre=-solo student pilot, but this loss is still significant because of the
numbere of fliers invelvad. In addition, there im the human side of the problem. Conuider tha plight of
the oparational pilot, who not only must suffar through ths phyaical unpleasantness, but also is con-
fronted with a probabla enc to him or her carser. OConsider also the plight of the student flier, who not
only expariences the episodes, but alwo may fesl himself or herself disgraced in front of pesers, and must
abandon a wuch-dreamed-of future having high career potential. Haeretofore there was little to do once a
short courve of medications proved unequal to tha clinical situation. Now we tave the slternative of
biofeedback treatment.

Lat us first dispose of the review of the literaturs which our title says that we will precent. We
usad the USAFSAM aciaentific literature database computarixad sesrch system and queriled the three majox
databasag: MEDLINE, PaychoINKFO, and NTIS for the period 1963-1983, using a two-keyed code, binfaedbmok/
aircrew, with esmch keyword represented by four synonyms. This seurch ylolded 17 articles, including two
papors by Cowingm and Tuscano (1, 2) scquired thras times, two papars (3, 4) fvom our own laboratory
acquired twice, and one paper by Graybiel (5) saylug that bicfeadback doasn't work when wubjects are
exposed to a questionabls provocation, If you drop back to one kayword, biofeedback, and our four
synonyms, vollate=the Tower of Bubel! Wa obtained 1400 references documenting overy puusibla conclusion,
Wa do not recowmend this latter exsrcise to tha practitioner of aerospace medicine who needs te know if
there is a way to medically manage or wodify airsickness without diugs.

What is blofecdback? It im a process which addresses internal physical states and events, Having
stated this definition, we must step buck briefly aud observe that naturd cleavly limits our awarensss of
internal states and events for entiraly appropriate biologicul reasonsi if it were not so, our cousclous~
ness would be bombarded with a cacophony of etimuli which only rarsly would have any usefulnass to us.
Consider the beating heart. If one tries hazd enough, one may "sense" it vaguely, biut even mso, what is
one to do with this information once registered?

The sim of biofeedback is to assist the patient in focusing on the awarensss of some cluster of
internal states or svants, in daveloping wkills to modify or moderate that cluster, und then, in the serv-
ice of biologic utility, to allow that awareness to fade away, eo that the ocluster once again has been
intarnalized, while the skills for its modification or moderation sre muintalned, It is tha enhancement
and control of biological awarendss as a state of conscicusness (§). The end product, then, ia salf~
regulation of internal events or statss which previously resulted in distress. Tha procass is much like
thet of learning a motor skill, wherein the conscious awareness vf ths seguence of motor events i high
early in the lesrning, but progresscs to sn internalized, coordinated response as proficiency is achieved.
Those of you who have learned to ride bicycles will recognize this sequence. Feedback 1w crucial to both
of thess processes,

We may maka souie other obssrvations about biofaedback ap a therapeutic tool, It appears that:
wBisfesdback can enhance progressive relaxation
==Biofeadback can reduce anxiaty symptous

—ficfesdback wakes the patient more willing to accept the therapist's interpretations and sugges-
tions

—Biofaedback halps the patient feel that his problem is under his own control, increases his self-
confidenco, and gives him hope for tha future

—~Blofasdback is more effective under thoss conditions which facilitute transferenca; the therapist
must convey warmth, genuine concern and espathy

~—Biofesdback works best when the tharupist wuorves as a facilitator to help the patient integrate
his understandings and skills iuto a new approach to the problem,

1s biofeedback a "vacussary and sufficlent" process in the sense that the biclogist describes neces-
sary and sufficient stimulus? Clesarly not. Many thinge go on during blofeedback trestment. Comsider
the following, which must be co~processes:

—Agsertiveness training way be an important aspact

w~Acquisition of more ganaralicred coping wkilla may ocour

—~Uoncerned attsntion from @ health care provider may ba importsnt
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—Systematic desensitization while treating the anxiety way play a role
~—Positive change in lLifestyle may occur.

Is biofaedback the only approach? No, thers are other ways to alter psychophysiologic functions.
Barber (7) identifies hypnosis, autohypnosis, autogenic training, sutosuggestion, diract suggestion, medi-
tation, hatha yoga and rslaxation training. Relaxation may be the key work here; relaxation is clearly
importunt aé an inherent part of blofeedback therapy. Relaxation techniques are the one part of the treat-
ment process which the patient can take home and practice, and thosa patiants who do so improva their poten-
tial for a successful therapeutic outcomae. However, ons should noteo that in the two laboratories where
ajrsickness is thae center of attention, biofsedback or autogenic faedback training which includes biofeed-
back is used. We know of no systaematic studias on or applications of the other spprosches. On the other
hand, a clinical study by Lochridge and Giles (8) reported 93X success with a comhination of Barény chair
stimulation und aimultansous relaxation techniques when uppliled to a population of military student pilots
with recurrunt airsickness during their first few flights. These studantw raceived ons to thrae one-hour

segsions of simultansous vastibular stimulation and relaxation training, betwasn which their f£lying train-
ing scheduls continued unintarrupted,

Doas blofeedback traatment for ailveickness always work? No, it fails approximately one time out of
four, if one uses raturn to tha cockpit as the memsure of succass. Ouxr expavience saems to bs like that
of the U,8, Navy (9), where blofeedback is used to treat a variety of problems asmsociated with anxiety

about flying, and at the Cerman Iunstitute of Aviation Medicine (10), where a varisty of atress reactions
in military pilots ere treated. !

As anothur way of looking st the utility of biofesdback in treating airsickneas, consider two studies

from the Autogsnic Feedback Laboratory at NASA Ames Ressarch Centar, In the first study (1), subjects
watre asslgned to one of four groups based or wotilon sickaess susceptibility and wera treated as follows:

SUSCEPTIBILITY
HIGH MODERATE

ART N=6 N = 6| trastment and exposura
to Corlolis stimulation

No
A¥T N=6 N = 6| exposure to Coriolis
stimulation
The outcoms of the study was as follows:
BUSCEPTIBILLIY
HIGH HODERATE
tolarated tulexated
AET Corioldis Coxiolis
strace stress
longexr longer
No no mone habitustion
AFT change for Coriolis stress

In tha sscond study (1), subjucts were assigned to ona of threw groups based on motion sickness
euscaptibility, with the following treatwment and results:

TREATMENT RESULTS

AFT tolerated Coriolis
stress longer

“"Shaw" Rx no change

None no changs

Tha point baing pursued in the lsst few paragraphs is that all of us have soms swvareness of internal
status snd processas. Individual differeuces are large, but for each of us that potential for the develop-
uent of self-regulation can smerga~~and under s variety of conditions. It appsars that the acquisitiou of
that skill procesds mora efficiently when biofesdback of the processes involved is used.
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It is appropriate at thig point to describe the program at tha USAF School of Aerospace Medicine which
upes biofeedback in the trentment of chronic, mevere airsickness., Lavy et al. (3) describe the major steps
in the program¢

~Cundidates for therapy are identified by operational parsonnel

—Thay ave carsfully scresned during an intake interview to insure high motivation, and to rula out
intercurrant wedically disqualifying physical conditions; medical consultation ia obtained if
indicated

=—Intrapsychic factors which might interfere with trestment are explored, iucluding ambivalence or
auxiety about flying

~—Tha biofesdback tachniquas and instrumentation are fully expluined

~=The patient is instructed in relaxation exercisss, given writren instructions, and told to practice
in his ox her room for a day or two prior to treatnent

=—Treatment sessions sre given in a biluxial Coriolis stimulating chailr which rotates at up to 20 zpum
and can tilt 40 degrees to the laft or right while rotating

—Two sessions per day are givan, for a maximum of twenty sessions.

The focus is on the recognition of early symptoms of motion sickness, and the use of relaxation techniques,
wonitorad by tha faesdback of sweat rate and of surfecs akin temperature (both from the fingers of the laft
hand) to let the patient kanow when the relaxation technigues are working.

Undar this regime, the patient lasrns to attend to the premonitory symptoms, rather than trying to
supprass or ignore them., He or she learns which reluxation techniqua works best: deep muecle relaxation,
active or passive nental imagery, abdominal breathing similar to yogic breathing, or attention primarily
to the feedback dials or tona. Once a particular mathod im identified as effective, its use is endouraged.
Fivet the putient learas to relux and make the sicknass subside, then the technique is refined and accel-
erated until it takes only a few seconds rather than several minutes, aud finally it is practiced whilae
unentally divarting exercises are performed wimulfansously, Since there is come accummodation to the con-
comitant vestibular stimulation, the chair must bs xotuted Faster, aad the lataral wotions mist be piven
sore suddenly and closer togethar in order that the threshold of sysptous is stimulated. The patiaents
are not conditioned not to get sick; they are taught how to control the symptoms wvhen they occur.

We had a protocol in the wid~1970s which emphasized relsxation and conditioning to vestibular stimuli.
This study was vaver reported, but was able to raturu about 40X of the patiants to flying duties. The
current study, which will vesch its end when tha two-year followup of the last subjest is snded in Juna
1984, is currently about 752 successful. Thus, use of the blofeedback modalitiss in the dynhamic Coriolis
chair environment was much wors affective in returping our fliers to operational flying than was the
ralaxation training and desensitization alone.

Active control of airsickoess by biofcedback training ie possible, and offers & new approach to the
conirol of this distressing syndxome bayond passive accommedation and beyond madications.
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DISCUESION

PRICE: I'd like to ask all three spsakers if they plan to follow up long-term tha people they
have considered successas bacause soms of the experiences in this business, behavior modificstion and
bio-feedback, are that the patisut way relapse several yesrs down the road and once sgsin have the
ssme kinds of rsactions to whatever atress it is. 80 I would ask you if yuu have plans for follow-up
of your successas,

JONES: We have followed these people for two years and that is about as far as wa're golug to go
with it, Wo have uno evidence of changes after the tirst year follow-up and it's very difficult to
keap up with 54 air force pilots. We have some who have gotten out of the service, for lustsnce.

KEMMLER: Wa have the experience that the more time passes the better they sre in flying. As wa
look at the people we had in 1983, 19 of 23 are still doivg well.

8TOTT: I have showed you £all-out deta for the pust ten years. It's extrsmaly relisble for the
pact thres years. Perhaps & little bit deficient in the preceding time but we continue to follow up
for st least five years, at least that's our lntention, It's done on an informal basis et present
simply bscause aircrev let us koow what is Lappening to them and we're very grateful.

CRAMPTOL: Colonel Jones, have you done any control experiments with biofesdback, thet is, taking
the signals coming on the woisture snd tempersture of the hand and giving the patient eithex bogus in-
fornation or information that will mccentuate the response?

JONES: No, ve have not done that and the reason is an ethical ouns. We are these peoplas last
chanice to £ly and sinuce we have to toordiunate with the air training commsnd and serateh 5 sxtra
£1lights out of their tight budget, to experiment within our own psramsters and find out that something
wasn't working might cost that man his career. We are rather in a position of the people that
discavered you could stop rhaumatic fever with peucillim snd how in the world do you usa some other
drug when you've got ome thut works all the tiwe. I hope in the futura to be able to contract with
the training command to give we two chances at an individusl so we can try something else, wmaybe try a
shorter period or a more siwple techniqua. I appreciate what's bahind your questicnu and I's us curile
mlu about that as you are, but we have not used any double yoke aubjects or shem signals or anything
else.

KEMMLER: Dp. Stott, I noticed that &n the phatograph of your sccelurator tha subject is kesping
his head bent snyvhere betwean 30 to 45 #o I would like to ssk you what kind of stimulus you think
the vestibulax aystem received? OCowbinad X und 2 stivulation, or was the head fixed in yaur experi-
wsents? ’

8TOTT: Mo, wa dsliberately dom't £ix tha heads Ouxr intention is that the seubject atould waks
head movements while ha is undargoing oscillation, '

UNIDENTIYIED BPEAXER: Dr, 8tott, I think that sme far as hwasnitarisu concerns, the desensitiza-
tion of the crev is very important aund praisevorthy, I also think that the pilot's ability has usthing
to do with his susceptibility to motion sickness. However, oparationally speaking don't you thiuk
that thowe pilots that came to look for sesjistance bacause they were unable themselves to adapt are
3n£ng to during their curser maat with circimstsnces for which they have been unprupared by the pro-
gram :

STOTT: Once & pilot has succassfully desensitined he rarely comes up sgaivet wotion wickmess
problems abruptly later om in his careers As we ses i{t, the problem is the people we see are very
slow adaptors, The training course is not veally related juat to introducing motiom stimulation in o
graded fashion, it's related to introducing flying skills in a geaded fashion and a pilot way suddenly
ba asked after relatively unprovocative soxties to do aspinning, or acrobatice may be introducsd. We
fael that the important thiug is that these stimuli should be introduced at the rate the traluae can
absorb them physiologicslly. Ouce that is dome it has not lo any way been our experisncs that
trainees suddenly come up against somathing for which they tave not been prepared.

GUKDRY: Relaxation training and psychotheveuptic training does not sesm to be part of the RAY
progrse yst the percant succesy ssems to be st least squivalent to the others. I do know that Dobie
whan he started the program had informal psychothexrauptic methods that he used.

8TOTT:t Tha psychological aspects of our trestment sre unot stromgly smphasised, largely because
we fesl that wmotion sickness is & physclogical event although there msy ba additional psychological
companents. We fes)l if we can convioce people that physiologically they are dessnitised to wotion
sicknass, then paychological elements in most cases will fall into place quite naturally, We still
include in our assessment program s battery of psychometric tests but we are inpressed by the poor
correlation that axists Letween these various messures and tond only to use thex to indicate what sort
of person we are desliuvg with, snd to do mothing more formal then that.
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